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Kurzdarstellung
Die positiven Wirkungen von Natur auf den Menschen sind empirisch gut belegt. Ange-
sichts steigender Urbanisierung wird Stadtnatur und ihre Gestaltung wichtiger. Gleich-
zeitig stellt der Klimawandel eine Bedrohung der biologischen Vielfalt und somit der
ökosystemaren Funktionalität dar. Für urbane Landschaftsplanung, welche sowohl die
ökosystemare Gesundheit als auch das Wohlbeﬁnden der Stadtbewohner berücksichtigt,
ist es daher attraktiv, zugleich die Pﬂanzenvielfalt und den Erholungswert von Stadtna-
tur zu erhöhen. Die vorliegende Dissertation untersucht die Rolle von Baumparametern
bei der Wahrnehmung, Präferenz und Erholungswirksamkeit und erläutert, wie die Er-
gebnisse zur Gesundheit von Mensch und Natur in Städten beitragen können.
In einer ersten Studie wurden die folgenden Baumparameter als wahrnehmungsrelevant
identiﬁziert: Nadelbäume versus Laubbäume, Verhältnis von Kronenhöhe zu Kronen-
breite, Verhältnis von Kronengröße zu Stammlänge und Kronendichte. Diese Ergebnisse
ergänzen bisherige Literatur, da sie auf realistischer aussehenden Bildern basieren. Zu-
dem sind die Parameter metrisch, wurden von Probanden generiert und bilden eine
Hierarchie ab.
Zwei weitere Studien zeigten, dass je größer die Krone im Verhältnis zur Stammlänge
desto angenehmer und schöner wird ein Baum wahrgenommen und je dichter die Kro-
ne desto schwerer und robuster wird ein Baum empfunden. Beide Parameter sagen die
Baumpräferenz vorher. Dies stimmt mit Theorien und bisherigen Studien zur Land-
schaftswahrnehmung überein und ergänzt die Forschung um präzisere Parameter zur
Vorhersage von Baumpräferenz.
Eine vierte Studie ergab, dass sich die Vielfalt an Baumeigenschaften in städtischen
Grünräumen nicht darauf auswirkt, wie faszinierend und kohärent sie wahrgenommen
werden. Dies legt nahe, dass die Artenvielfalt in Grünräumen erhöht werden kann ohne
die Erholungswirkung negativ zu beeinﬂussen.
Die Baumparameter können dazu verwendet werden, verschiedene, ähnlich aussehende
Arten zur Pﬂanzung auszuwählen, um das menschliche Wohlbeﬁnden sowie die ökosys-
temare Gesundheit zu erhöhen. Des Weiteren kann das Wissen um die semantischen
Bedeutungen der Baumparameter die Experten-Laien-Kommunikation erleichtern. Be-
liebte Baummerkmale können dazu herangezogen werden, die Zufriedenheit von Stadtbe-
wohnern zu erhöhen. Schließlich kann die Baumartenvielfalt in städtischen Grünräumen
erhöht werden ohne den Erholungswert zu mindern.
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Abstract
There is a large body of empirical evidence that nature delivers beneﬁts to people. In the
face of progressive urbanisation, urban nature and its design are becoming increasingly
important. At the same time, climate change endangers biological diversity and conse-
quently ecosystem functioning. Thus, for urban landscape planners who consider both
ecosystem health and residential well-being, it is attractive to simultaneously increase
plant diversity and the recreational value of urban nature. The present dissertation
investigates the role of tree parameters for perception, preference, and recreation and
elucidates how ﬁndings can contribute to human and ecosystem health in cities.
In a ﬁrst study, the following tree parameters were identiﬁed to be relevant to perception:
Conifers versus deciduous trees, crown height to crown width ratio, crown size to trunk
height ratio, and crown density. These results add to previous studies, as they are
based on more realistic-looking images. Furthermore, the parameters are metric, were
generated by study participants and represent a hierarchy.
Two further studies demonstrated that the greater the crown relative to trunk height,
the more pleasant and the more beautiful a tree is perceived and the denser a crown, the
heavier and the more rugged a tree is perceived. Both parameters predict tree preference.
This is consistent with theories and previous ﬁndings on landscape perception and adds
more precise parameters for tree preference prediction to the literature.
A fourth study revealed no eﬀects of tree characteristics’ diversity in urban green spaces
on how fascinating and coherent they are perceived. This suggests that species diversity
in green spaces can be increased without reducing restorativeness.
The identiﬁed tree parameters can be used to select various, similar-looking species to
increase both human well-being and ecosystem health. Furthermore, the knowledge on
the tree parameters’ semantic meaning can facilitate expert-lay communication. The
preferred tree characteristics can be used to increase residential satisfaction. Finally,
tree species diversity in urban green spaces can be increased without mitigating the
recreational value.
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Chapter 1
Introduction
“Forestry is not about trees, it is about people.”
(Westoby, 1967, as cited in Leslie, 1987, p. IX)
Planting trees in cities has a long tradition. The early Egyptians transplanted trees with
balls of soil more than 4000 years ago, Kublai Khan established them along public roads
in and around Beijing in the thirteenth century, the Maya, Inca, and Aztecs supported
their cities with agriculture and agroforestry systems, and in pre-Columbian America,
the Native American tribes developed communities that included gardens and planted
trees (Miller et al., 2015). Besides fruit production, trees were planted for their beauty,
religious signiﬁcance, and shade provision (Miller et al., 2015). However, in ancient cities,
it is most likely that gardens with trees were a privilege of the rulers (Miller et al., 2015).
In early Europe, forests and trees became part of the sacred pre-Christian religions and
rituals and have a history of providing refuge for outlaws and the oppressed (remember
the story of Robin Hood and his men hiding in the forest waiting to plunder the rich;
Miller et al., 2015). During the Middle Ages, in European cities, trees were abundant in
the gardens of the ruling classes, but were primarily planted for fruit production (Miller
et al., 2015).
By the seventeenth century, in mid-European cities, gardens and allées of trees were
established for walking and other recreational activities (Miller et al., 2015; Tyrväinen,
Pauleit, Seeland, & de Vries, 2005). However, they were primarily available to aristocrats
(Miller et al., 2015; Tyrväinen et al., 2005). The French Revolution put an end to
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many aristocratic privileges and citizens gained access to city parks and woodland across
European countries (Tyrväinen et al., 2005). However, with the Industrial Revolution,
millions of people had no time for or interest in green space recreation (Tyrväinen et
al., 2005). In the nineteenth and twentieth century in mid-Europe, when the living
conditions for the urban working class improved, urban woodland recreation became a
widespread phenomenon across the social classes (Tyrväinen et al., 2005).
In the post-industrial era, parks with a postmodern design were created in large central
European cities (Tyrväinen et al., 2005). At the same time, lifestyle-related illnesses
emerged as a signiﬁcant new concern in all developed countries (Nilsson, Sangster, &
Konijnendijk, 2011; Nordström et al., 2015). A lack of physical activity, increasing psy-
chological stress related to urban living, and contemporary work practices have led to
increased occurrence of certain diseases where medication may only reduce symptoms
rather than combating the true cases of illness (Nilsson et al., 2011). This encour-
aged thinking about alternative ways, such as urban woodland management, to promote
health and prevent diseases (Nilsson et al., 2011). Therefore, in the past decades, a large
amount of research studied the health and well-being promoting eﬀects of urban nature
and its design. The recognition of these eﬀects is reﬂected in the emergence of urban
forestry as a new discipline in the 1980s in Europe (Miller et al., 2015). Urban forestry
bridges traditional forestry and urban park disciplines and considers site and economic
factors as well as societal demands within urban tree species selection and composition
(Miller et al., 2015). However, the latter is a challenge as all these uses and demands can
be contradictory (Trowbridge & Bassuk, 2004; Wilkes-Allemann, Pütz, & Hirschi, 2015).
With the aim of providing an approach to this diﬃcult and complex task, the TU Dresden
research project citree - Woody species selection for urban spaces (SAB grant: 100098207)
was implemented. Within an interdisciplinary collaboration of the Department of Forest
Botany, the Department Forest Biometry and Systems Analysis (both: School of Civil
and Environmental Engineering, TU Dresden), and the Centre for Interdisciplinary Re-
search in Technology Development (School of Humanities and Social Sciences, TU Dres-
den), a database for urban tree selection was built which serves as a decision-making aid
for planners and facilitates increasing species richness. It contains tree parameters for
more than 390 species and varieties which can be planted in central Europe. The species’
descriptions include site-speciﬁc characteristics, such as climate and soil conditions and
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the natural distribution, species-speciﬁc characteristics, such as habitus, foliage, blos-
som, fruit, nitrous and ozone absorption, hardiness of smoke from industrial and urban
emissions, allergy potential, limb breakage, invasion potential, toxicity, thorns/spikes,
and tree preference.
The objective of the sub-project presented in this thesis was to investigate tree pa-
rameters’ impact on visual perception, preference, and recreation. Therefore, in a ﬁrst
study, perceptually relevant tree parameters were identiﬁed. In two further studies, the
connections between the perceptual tree parameters and semantic meaning as well as
tree preference were explored. Finally, eﬀects of tree characteristics’ diversity on indi-
cators of psychological restoration were investigated. The consideration of city dwellers’
perspective on urban trees is important as there is mounting empirical evidence that
urban nature is beneﬁcial for human health and well-being (e.g., Brander & Koetse,
2011; Grahn & Stigsdotter, 2010; Keniger, Gaston, Irvine, & Fuller, 2013; Tyrväinen et
al., 2005; Velarde, Fry, & Tveit, 2007). In the face of progressive urbanisation (United
Nations, 2014), research that provides knowledge on how to improve living conditions in
cities is becoming increasingly important (Hägerhäll et al., 2010).
The implementation of species rich urban nature is a further goal in urban tree species
selection and composition as it is important for human well-being (L. Taylor & Hochuli,
2015) and ecosystem health (Kaczorowska, Kain, Kronenberg, & Haase, 2016; Morgen-
roth et al., 2016; Niemelä et al., 2010; Ordóñez & Duinker, 2012; Sandifer, Sutton-Grier,
& Ward, 2015; Speak, Mizgajski, & Borysiak, 2015). With climate change and urban-
isation threatening biological diversity (Alvey, 2006; Antrop, 2004; Araújo, Thuiller, &
Pearson, 2006; Durant, Hjermann, Ottersen, & Stenseth, 2007; Haaland & Konijnendijk
van den Bosch, 2015; Hansen et al., 2005; McKinney, 2002, 2006; Opdam & Wascher,
2004; Pöyry & Toivonen, 2005; Scholze, Knorr, Arnell, & Prentice, 2006; Schröter, 2005;
Thorup, Tøttrup, & Rahbek, 2007; Young, 2011), its conservation gains more importance
for the resilience of ecosystems (Kowarik, 2011).
In urban tree selection and placement, the present work can contribute to increasing
residential satisfaction and well-being. Furthermore, it provides knowledge which can be
used to simultaneously increase human well-being and species richness in urban ecosys-
tems. However, the present work has its limitations. For example, it disregards that
tree availability limits the options of planners in urban tree species selection (Conway &
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Vander Vecht, 2015). The present dissertation does not provide an approach on how a
dialogue between diﬀerent interest groups can successfully lead to an urban tree selection
which is guided by residential and ecological needs.
Chapter 2
Theoretical and empirical
background
2.1 Benefits of trees in urban areas
Trees and forests are the most prominent elements of urban nature (Konijnendijk, Nils-
son, Randrup, & Schipperijn, 2005; Miller et al., 2015; Tyrväinen et al., 2005; J. Yang,
Zhao, Mcbride, & Gong, 2009). Within green infrastructure in cities, they attract atten-
tion by their seasonal changes and their size, shape, and colour (Tyrväinen et al., 2005).
A large amount of research has found evidence of urban trees’ positive eﬀects on environ-
mental quality and residential quality of life. According to a recent review article, urban
trees regulate water ﬂow, mitigate rainfall runoﬀ, reduce urban temperature, wind speed
and noise, remove and ﬁxate air pollutants, moderate environmental extremes, and regu-
late climate through carbon dioxide (CO2) sequestration and storage (Gómez-Baggethun
& Barton, 2013). Furthermore, urban trees’ cooling eﬀects decrease building energy use
in air conditioning (Akbari, Pomerantz, & Taha, 2001; Escobedo, Kroeger, & Wagner,
2011; McPherson, 1989; McPherson et al., 1997; Nowak & Dwyer, 2007) and will become
more important given the impact of climate change (Gillner, Vogt, Tharang, Dettmann,
& Roloﬀ, 2015; McCarthy, Best, & Betts, 2010). This is supported by the ﬁnding that
foresters perceive the management of urban forests to enhance ecosystem services to be
increasingly important to the goals and actions of their departments (Young, 2010).
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Numerous articles reviewed the continuously increasing number of studies that provide
evidence for the health and well-being promoting eﬀects of urban nature (e.g., Abraham,
Sommerhalder, & Abel, 2010; Beute & de Kort, 2014; Bowler, Buyung-Ali, Knight, &
Pullin, 2010; Bratman, Hamilton, & Daily, 2012; Galea & Vlahov, 2005; Gascon et al.,
2015; Haluza, Schönbauer, & Cervinka, 2014; Hartig, Mitchell, de Vries, & Frumkin,
2014; Jackson, 2003; Kabisch, Qureshi, & Haase, 2015; Keniger et al., 2013; Kremer et
al., 2016; Lee & Maheswaran, 2010; Naturkapital Deutschland - TEEB DE, 2016; Roy,
Byrne, & Pickering, 2012; Rupprecht & Byrne, 2014; Russell et al., 2013; Smardon, 1988;
Stigsdotter & Grahn, 2002; Tzoulas et al., 2007; Velarde et al., 2007; Wolch, Byrne, &
Newell, 2014). A selection of ﬁndings is described in the following subsections.
2.1.1 Health benefits of green living environments
In addition to enhancing environmental quality, urban trees have positive eﬀects on a
neighbourhood’s aesthetic quality and human health and well-being (Brander & Koetse,
2011; Chiesura, 2004; Gidlöf-Gunnarsson & Öhrström, 2007; Hägerhäll et al., 2010; Har-
tig & Kahn, 2016; James et al., 2009; Nilsson et al., 2011; Ottitsch & Krott, 2005;
Tyrväinen et al., 2005; Wolch et al., 2014). People living in greener environments report
a better general health (de Jong, Albin, Skärbäck, Grahn, & Björk, 2012; de Vries, Ver-
heij, Groenewegen, & Spreeuwenberg, 2003; Maas, Verheij, Groenewegen, de Vries, &
Spreeuwenberg, 2006; R. Mitchell & Popham, 2007; van Dillen, de Vries, Groenewegen,
& Spreeuwenberg, 2012; Ward Thompson, Aspinall, Roe, Robertson, & Miller, 2016),
fewer symptoms of disease, a better mental health (Bos, van der Meulen, Wichers, &
Jeronimus, 2016; de Vries et al., 2003; Gascon et al., 2015; van Dillen et al., 2012), fewer
negative feelings (Ward Thompson et al., 2012), lower perceived stress (Ward Thomp-
son et al., 2016), fewer stress-related complaints per year (Stigsdotter & Grahn, 2011),
a higher neighbourhood satisfaction (Bonaiuto, Aiello, Perugini, Bonnes, & Ercolani,
1999; de Jong et al., 2012; Hur, Nasar, & Chun, 2010), a higher life satisfaction (Krekel,
Kolbe, & Wüstemann, 2015, 2016), and a higher eﬀectiveness in managing major life
issues (Kuo, 2001) than people living in less green environments. Especially the access
to serene nature (deﬁned as a place of silence, peace and care, measured by speciﬁc
GIS-based criteria) improves mental health among women (Annerstedt van den Bosch,
Östergren, Grahn, Skärbäck, & Währborg, 2015). Consistent with this, the availability
of nearby nature was found to buﬀer the eﬀects of long-term noise exposure on health and
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well-being (Gidlöf-Gunnarsson & Öhrström, 2007). Furthermore, the amount of green
space in residents’ living environment attenuates negative self-reported health impacts of
stressful life events (A. E. van den Berg, Maas, Verheij, & Groenewegen, 2010). Similarly,
the negative impact of stressful life events on psychological well-being of children is lower
among children who have high levels of nearby nature than among those who have low
levels of nearby nature (Wells & Evans, 2003). The positive association between nearby
nature and self-reported mental health and well-being is also existent for the same in-
dividuals tested repeatedly within a period of years (Alcock, White, Wheeler, Fleming,
& Depledge, 2014; White, Alcock, Wheeler, & Depledge, 2013). Another longitudinal
study from the Netherlands found that “[o]bjective improvements in greenery were as-
sociated with smaller decline in adolescents’ leisure time cycling, and improvements in
perceived greenery were related to a decrease in adults’ depressive symptoms” (Gubbels
et al., 2016, p. 153).
The amount of green vegetation in people’s living environment also has positive eﬀects
on objectively measured health indicators. People living in greener environments have a
lower actual incidence rate of speciﬁc diseases, such as anxiety disorder, depression (Maas,
Verheij, et al., 2009), cardiovascular diseases (Ngom, Gosselin, Blais, & Rochette, 2016;
Richardson & Mitchell, 2010) as well as diabetes (Ngom et al., 2016), and a higher life
expectancy (R. Mitchell & Popham, 2008; Takano, Nakamura, & Watanabe, 2002) than
people living in less green areas. Furthermore, for men, respiratory disease mortality de-
creased with increasing percentage of green space in their living environments (Richard-
son & Mitchell, 2010). However, no positive eﬀects of the quantity of urban green spaces
on longevity were found when investigating this association on a larger scale, the city
level (Bixby, Hodgson, Fortunato, Hansell, & Fecht, 2015). Considering the amount of
urban nature on a neighbourhood level, its positive eﬀect on longevity is stronger for peo-
ple with a low income compared to people with a high income (R. Mitchell & Popham,
2008). Thus, green living environments also reduce income-related health inequalities
(R. Mitchell & Popham, 2008). Furthermore, people living in greener environments have
lower stress hormone levels than people living in less green environments (Gidlow, Ran-
dall, Gillman, Smith, & Jones, 2016; Honold, Lakes, Beyer, & van der Meer, 2015; Ward
Thompson et al., 2012). Consistent with this, studies using image/video presentations of
urban neighbourhoods, found that the amount of green vegetation presented is positively
related to self-reported stress recovery (Jiang, Li, Larsen, & Sullivan, 2014; A. E. van den
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Berg, Jorgensen, & Wilson, 2014). Similarly, for men, a greater tree cover density pre-
sented in 3-D videos of neighbourhood streets is associated with a greater physiological
stress recovery (Jiang, Chang, & Sullivan, 2014). Apart from health beneﬁts of nature in
people’s living environment, it was found that the view of natural elements in hospital
rooms after surgical operations positively aﬀects postoperative recovery (measured by
intakes of analgesics, blood pressure, heart rate, postoperative hospital stays; Park &
Mattson, 2008, 2009; Ulrich, 1984).
Research focussing explicitly on health eﬀects of trees found that a nationwide loss of
trees caused by an invasive forest pest increases mortality related to cardiovascular and
lower-respiratory-tract illness (Donovan et al., 2013). Regarding trees in urban areas, it
was found that a greater street tree density in neighbourhoods is associated with fewer
antidepressant prescriptions and a lower smoking prevalence (M. S. Taylor, Wheeler,
White, Economou, & Osborne, 2015). Furthermore, a greater urban tree canopy cover is
related to a reduced number of small for gestational age births (Donovan, Michael, Butry,
Sullivan, & Chase, 2011) and social cohesion (Holtan, Dieterlen, & Sullivan, 2015). A
recent review of health beneﬁts of green living environments is provided by M. van den
Berg et al. (2015).
A number of studies has shown positive eﬀects of green living environments on social be-
haviour. People living in greener environments report less intrafamily aggression and vio-
lence (Kuo & Sullivan, 2001a), fewer property and violent crimes (Kuo & Sullivan, 2001b),
fewer feelings of loneliness, and less shortage of social support (Maas, van Dillen, Ver-
heij, & Groenewegen, 2009) than people living in less green environments. The amount of
nearby nature is positively associated with the incidence of child’s play and the likeliness
of children being supervised by adults (Faber Taylor, Wiley, Kuo, & Sullivan, 1998).
The amount of green space in people’s living environment is also positively related to
the frequency of using it (Bonnes, Uzzell, Carrus, & Kelay, 2007; Li et al., 2008), time
spent on bicycling, other sports (Picavet et al., 2016), and gardening (Maas, Verheij,
Spreeuwenberg, & Groenewegen, 2008). Inconsistent with the latter, Picavet et al. (2016)
found time spent on gardening being positively associated with the percentage of agri-
cultural green within the respondents’ 1 km radius living environment, but negatively
associated with the percentage of urban green within the respondents’ 1 km radius living
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environment. For children it was found that exposure to green space is positively as-
sociated with emotional well-being and moderate-to-vigorous physical activity (MVPA;
J. S. Ward, Duncan, Jarden, & Stewart, 2016) which is related to numerous health ben-
eﬁts (Janssen & Leblanc, 2010). Health beneﬁts of outdoor activities are summarised in
the following subsection.
2.1.2 Health benefits of activities in urban nature
Research has provided evidence of health and well-being promoting eﬀects of activities
in natural environments (e.g., Bodin & Hartig, 2003; Hartig, Evans, Jamner, Davis, &
Gärling, 2003; Hartig, Mang, & Evans, 1991; Korpela, Borodulin, Neuvonen, Paronen,
& Tyrväinen, 2014; Peschardt & Stigsdotter, 2013). Visiting urban forests or parks de-
creases self-reported stress-related illnesses (Grahn & Stigsdotter, 2003), suﬀering from
headaches and stress (Hansmann, Hug, & Seeland, 2007), and increases general health
(Ward Thompson et al., 2016), feeling well-balanced (Hansmann et al., 2007), and the
feelings of restoration, vitality, positive mood, and creativity (Tyrväinen et al., 2014).
The restorative outcome increases with duration of visit (Hansmann et al., 2007). Fur-
thermore, practising sports is associated with a greater stress reduction and a greater
increase in feeling well-balanced than the engagement in less strenuous activities (Hans-
mann et al., 2007). Consistent with this, walking in rural environments is more advan-
tageous for cognitive and aﬀective restoration than walking in urban environments (Roe
& Aspinall, 2011). This eﬀect was greater for people with poor mental health (measured
by mood, reﬂection, and self-esteem; Roe & Aspinall, 2011).
For coronary artery disease (CAD) patients, walking in a park has a greater positive
eﬀect on cardiac function than walking in an urban environment (Grazuleviciene et al.,
2015). Similarly, for patients with mental illnesses, such as depression, bipolar and
anxiety disorders, 1 - 1.5 hour walks in forests signiﬁcantly improve mood immediately
after the walk (Iwata et al., 2016). Furthermore, for patients participating in a “Coping
with Depression” programme, restoration during nature walks mediates the increase in
well-being from baseline to follow-up (Korpela, Stengård, & Jussila, 2016). Well-being
at the end of the programme mediates the decrease in depression (Korpela et al., 2016).
For children with attention-deﬁcit/hyperactivity disorder (ADHD), outdoor activities in
green environments reduce symptoms more than activities conducted in other settings
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(Faber Taylor & Kuo, 2009; Faber Taylor, Kuo, & Sullivan, 2001; Kuo & Faber Taylor,
2004).
The regular use of vegetated routes in day-to-day life is associated with lower physiolog-
ical stress levels (measured by hair cortisol levels) and higher life satisfaction compared
to a less frequent use (Honold et al., 2015). Furthermore, gardening is positively related
to physiological stress recovery, positive mood (A. E. van den Berg & Custers, 2011),
and happiness (Korpela, De Bloom, Sianoja, Pasanen, & Kinnunen, 2017).
2.1.3 Nature’s positive effects on cognitive functioning
Activities in natural environments positively aﬀect restoration of cognitive abilities.
Walking in nature has a greater positive eﬀect on subsequent directed-attention abil-
ities (Berman, Jonides, & Kaplan, 2008; Gidlow, Jones, et al., 2016) and restoration
experience (Gidlow, Jones, et al., 2016) than walking in urban built environments. Sim-
ilar studies, which found improvements in subsequent proofreading performance (Hartig
et al., 1991) and attention test performance (Hartig et al., 2003) after visiting natural
environments, also found a performance decline for individuals visiting urban built en-
vironments between the tests. Consistent with this, increases in the amount of green
space in children’s living environments after relocation positively aﬀect their abilities to
focus attention (Wells, 2000). Similarly, children playing in outdoor areas that have a
larger proportion of trees, shrubbery, and a hilly terrain show less often behaviours of
inattention compared to children playing in outdoor areas that have a smaller proportion
of such natural elements (Mårtensson et al., 2009).
Merely viewing pictures or videotapes of nature positively aﬀects subsequent attention
test performance, whereas viewing pictures of urban areas does not aﬀect subsequent at-
tention test performance (Berman et al., 2008; Berto, 2005; Rogerson & Barton, 2015).
Consistent with this, participants viewing videotapes of roadways that have more vege-
tation relative to built structures show a higher frustration tolerance (measured by time
spent on unsolvable anagrams; Cackowski & Nasar, 2003) and a better stress recov-
ery (measured by heart rate and skin conductance; Parsons, Tassinary, Ulrich, Hebl, &
Grossman-Alexander, 1998) compared to participants viewing roadways that have less
vegetation relative to built structures. Similarly, adults who have a window view of a
natural environment are better able to direct attention (Tennessen & Cimprich, 1995)
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and children viewing natural elements have higher levels of self-discipline (measured
by concentration, impulse inhibition, and delay of gratiﬁcation; Faber Taylor, Kuo, &
Sullivan, 2002) than adults or children, respectively, who have views of a built environ-
ment. For students it was found that the amount of trees and shrubs visible through
cafeteria and classroom windows is positively associated with standardised test scores,
graduation rates, percentages of students planning to attend a four-year college, and
fewer occurrences of criminal behaviour (Matsuoka, 2010). The restorative quality of
natural environments is also reﬂected in self-reported cognitive abilities. Herzog, Black,
Fountaine, and Knotts (1997) found that students viewing colour slides depicting natural
settings have a greater feeling of being able to concentrate and to think than students
viewing colour slides depicting urban settings.
2.1.4 Psychological benefits of species richness
Species richness increases psychological beneﬁts of urban green spaces. Plant richness is
positively associated with aesthetic appreciation (Jo & Ahn, 2012; Lindemann-Matthies,
Junge, & Matthies, 2010; A. E. van den Berg, Vlek, & Coeterier, 1998), the ability
to think and gain perspective as well as the degree of feeling unique (Fuller, Irvine,
Devine-Wright, Warren, & Gaston, 2007). Biodiversity richness was also found to have a
marginally signiﬁcant positive eﬀect on the frequency of using green areas in the neigh-
bourhood (Bonnes et al., 2007).
Speciﬁcally for forests, it was shown that a mixture of tree species types (deciduous and
coniferous trees versus either solely deciduous or solely coniferous trees) has a positive
eﬀect on a forest’s recreational value (Edwards et al., 2012a). Furthermore, Johansson,
Gyllin, Witzell, and Küller (2014) found that a less diverse biotope is physiologically less
stimulating and perceived as less diverse compared to intermediate and highly diverse
biotopes. The intermediately diverse biotope elicits the most positive emotional response
and is rated highest in preference (Johansson et al., 2014). The authors explain this by
the inter-play between experienced pleasingness and arousal (Berlyne, 1963). Consis-
tent with this explanation, self-reported arousal increases as the accessibility of a forest
decreases, and pleasingness increases as the openness of a forest increases (Axelsson-
Lindgren & Sorte, 1987). Similarly, a low vegetation density of forests elicits a higher
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pleasingness than a high vegetation density (Staats, Gatersleben, & Hartig, 1997). Fur-
thermore, walks in a tended forest elicit a greater increase in positive aﬀect (measured
by mood and calmness scales) and a greater decrease in negative aﬀect (measured by
depression and anger scales) than walks in a wild forest (Martens, Gutscher, & Bauer,
2011). However, forest management type does not aﬀect the well-being factors activation
and arousal (Martens et al., 2011). Herzog, Maguire, and Nebel (2003) found that open
and well-kept natural environments have a higher perceived restorative potential than
less open and more wild natural scenes. This is consistent with Küller (1991) who pro-
poses that the emotional outcome of human-nature transaction is aﬀected by the level
of orientation and control provided by the environment.
Regarding the association of true and perceived species richness, results are inconsis-
tent. The ﬁnding that the two are positively correlated (Fuller et al., 2007; Lindemann-
Matthies et al., 2010) contrasts with no association between them being found (Dallimer
et al., 2012). The latter may be explained explained by people’s poor biodiversity-
identiﬁcation skills (Dallimer et al., 2012). Furthermore, it was found that perceived
species richness instead of actual species richness is positively related to self-reported psy-
chological well-being (Dallimer et al., 2012). The recent ﬁnding that perceived restora-
tiveness mediates the eﬀects of perceived biodiversity, perceived naturalness, and per-
ceived walk intensity on positive aﬀect, happiness and negative aﬀect suggests “that the
perception of these environmental qualities provide an opportunity for a restorative ex-
perience, which then inﬂuences emotional well-being” (Marselle, Irvine, Lorenzo-Arribas,
& Warber, 2016, p. 229).
2.1.5 Theories on effects of nature on psychological restoration
The stress reduction theory (Ulrich, 1983; Ulrich et al., 1991) and the attention restora-
tion theory (Kaplan & Kaplan, 1989) explain the positive eﬀects of natural environments
on psychological restoration. While the stress reduction theory (Ulrich, 1983; Ulrich et
al., 1991) focusses on recovery from psychophysiological stress, the attention restoration
theory (Kaplan & Kaplan, 1989) puts emphasis on recovery from mental fatigue.
The stress reduction theory (Ulrich, 1983; Ulrich et al., 1991) deﬁnes psychophysiological
stress as “a process of responding emotionally, physiologically, and behaviorally to a
situation in which well-being is challenged or threatened” (Korpela & Hartig, 1996, p.
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223). Encountering a scene that has particular properties, such as natural elements,
moderate complexity, and a focal point brings restoration (Korpela & Hartig, 1996).
“Perception of these properties prompts a shift toward more positively-toned emotional
states, drives down activity in diﬀerent physiological systems, evokes sustained attention,
and blocks negative emotions and thoughts” (Korpela & Hartig, 1996, p. 223).
According to the attention restoration theory (Kaplan & Kaplan, 1989), four key com-
ponents of an experience help to restore depleted directed attention (e.g., after hours of
work) and to prevent mental fatigue: Being away, extent, fascination, and compatibility.
These components are subsequently described according to Kaplan and Kaplan (1989).
Being away arises when one is involved in cognitive content that is diﬀerent than usual.
Extent is characterised by scope and the connectedness of the perceived elements of a
setting such that they create a larger whole. This includes that a scene provides a sense
of order and helps in directing attention. To put it diﬀerently, extent involves that a
scene is perceived as coherent. Fascination arises when a stimulus calls forth involun-
tary attention and increases with the variety of informational activities to be carried
out. Compatibility describes the degree to which environmental patterns and the indi-
vidual’s needs are compatible. According to the attention restoration theory (Kaplan
& Kaplan, 1989), natural environments should provide these components to a greater
degree compared to built environments.
In summary, both the stress reduction theory (Ulrich, 1983; Ulrich et al., 1991) and the
attention restoration theory (Kaplan & Kaplan, 1989) provide an explanation for the
restorative eﬀects of exposure to nature. They “diﬀer in the emphasis placed on emo-
tional, physiological, and attentional factors in their speciﬁcations of both antecedent
conditions and the restoration process” (Korpela & Hartig, 1996, p. 223). The Kaplans’
(1989) attention restoration theory has been appealing to scientists as it includes con-
structs which help to situate restoration within a longer process compared to Ulrich’s
(1983; 1991) stress reduction theory (Hartig & Staats, 2006; Korpela & Hartig, 1996).
2.1.6 Conclusions
The body of empirical evidence that urban forests and trees deliver beneﬁts to people
and environmental quality suggests that it is important for urban planning practice to
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preserve urban green spaces and increase their quality. In the face of continuing urban-
isation, the resulting urban densiﬁcation (United Nations, 2014), biotic homogenisation
(Alvey, 2006; McDonnell & Hahs, 2008; McKinney, 2002, 2006; Niemelä et al., 2002,
2010), and the expected climate change, which has the capacity to increase the potential
for urban heat islands (McCarthy et al., 2010), the importance of urban nature for both
human and ecosystem health is even growing (Hägerhäll et al., 2010). However, the
beneﬁts of urban trees and forests to people are still insuﬃciently recognised in planning
practice and there is need to provide more knowledge on the relationships between nat-
ural elements and urban environmental quality and residential quality of life (Tyrväinen
et al., 2005).
2.2 Reference framework of urban tree management
Urban tree management is the central component of urban forestry (Miller et al., 2015).
According to the review article of Konijnendijk, Ricard, Kenney, and Randrup (2006),
urban forestry is generally and most often deﬁned as “the art, science, and technology
of managing trees and forest resources in and around urban community ecosystems for
the physiological, sociological, economic, and aesthetic beneﬁts trees provide society”
(Helms, 1998, p. 193). The management of urban trees is a complex task and thus a
number of disciplines are concerned with it (Miller et al., 2015). Those most frequently
mentioned are aboriculture and urban forestry, followed by landscape architecture, hor-
ticulture, forestry, recreation, land use planning, turf management, and wildlife man-
agement (Miller et al., 2015). Randrup, Konijnendijk, Dobbertin, and Prüller (2005)
created an urban forestry model (see Figure 2.1) which relates actors, activities and as-
pects associated with urban forestry to one another. The subsequent description of the
model follows the elucidations of Randrup et al. (2005).
The centrally placed urban forest resource includes street and roadside trees, trees in
parks, private yards, and cemeteries, trees on derelict land, fruit trees as well as urban
woods and woodland. Activities are planning, design, construction, and management of
this resource. “[A]ctors within the public sector include politicians, government oﬃcials
or civil servants ..., and local public workers” (Randrup et al., 2005, p. 18). Private
actors are consultants, the business sector, user or interest groups, and citizens in general.
Aspects associated with urban forestry include economic, cultural, environmental, and
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the width of the tree lawn, the presence, type, and amount of hard surfaces as well as
air pollutants and de-icing salt. Environmental constraints consist of the dissemination
of diseases, adaptability of species to the urban climate and microclimate, and tolerance
of urban soil conditions.
Social factors comprise neighbourhood and community values, functional utility, species
aesthetics, public safety, and negative social externalities. Regarding attitudes towards
public trees, it is important to consider that they can vary by neighbourhood, commu-
nity, region, and ethnic background. Functional utility, which is positively related to
the canopy area, includes reduced heating and cooling costs, stormwater interception,
interception of pollutants, modiﬁcation of the urban microclimate, increased property
values, and improved wildlife habitat and diversity. The aesthetic evaluation of a tree
can potentially be aﬀected by individual preferences, tree size, seasonal foliage colour,
leaf size, branching habit, ﬂowers, bark, twig colour, and crown shape. For public safety
it is important to consider that an individual tree species’ susceptibility to breakage is
inﬂuenced by pruning, angle of branch attachment, wood strength, and resistance to
decay. Within tree species selection, it should also be taken into account if species bear
large or toxic fruit, have thorns, or produce allergens. Negative social externalities are
those that result in public dissatisfaction with the tree. Excessive fruiting, prolonged
heavy leaf fall, shedding bark, excessive root suckering, and bad odours make a species
undesirable as an urban tree. Species that attract nuisance wildlife and other pests or
shade out and kill lawns should be avoided.
Economic factors comprise tree establishment, maintenance, and removal costs. When
establishing trees in urban areas, not only the costs of purchasing and planting need to
be considered, but also tree species survival over a given establishment period. From a
long term economic perspective, Miller et al. (2015) suggest to purchase rather expensive
tree species with high survival rates than less expensive tree species with high mortality
rates. Regarding maintenance, costs can vary considerably for diﬀerent species and site
conditions. Maintenance costs depend on the needs for pruning, controlling insect and
disease problems, and installation of a support system. Removal costs vary by tree
height, crown spread, and nearby structures and utilities.
Similar to Miller et al. (2015), Sæbø et al. (2005) postulate that the choice of tree
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species should be based on the adaptability to the environmental site conditions, func-
tions of the tree, including beneﬁts to people, and low costs of propagation, production,
establishment, and management. In addition to the species selection model (see Figure
2.2), Sæbø, Benedikz, and Randrup (2003) and Sæbø et al. (2005) suggest the physio-
logical responses of trees to stresses in urban environments to be a good starting point
for species selection as the desirable characteristics and functions of trees depend on
their resistance and tolerance to stressful sites. Sæbø et al. (2005) add water stress due
to limited water supply, low light levels for trees planted between tall buildings, heavy
pruning of trees triggering a fast and irreversible decline, and the danger of wild ﬁres in
Mediterranean urban woodland to the stresses aﬀecting trees in urban areas addressed
in the species selection model (see Figure 2.2). The authors emphasise that it needs to
be considered if a tree is to be planted beside a street, in a park, or in urban woodland as
these sites require diﬀerent levels of stress tolerance. Consistent with this, more recent
research on the harsh urban conditions for trees (e.g., Cekstere, Nikodemus, & Osvalde,
2008; Conway, 2007; Gillner, Bräuning, & Roloﬀ, 2014) suggests that the species-site
ﬁt is important to be considered in urban tree selection. This will become even more
important in the face of climate change which is expected to increase stresses for urban
trees due to higher average temperatures (Gillner, 2012).
Within tree species composition, designers and planners also need to consider that plants
being primary host of a speciﬁc fungus can cause diseases to possible alternative host
plants through spore transmission by wind (Wennström & Eriksson, 1997). Furthermore,
some species have invasive characters and thus are not desirable in all situations (Sæbø
et al., 2005). Another issue in tree selection is the question of whether non-native species
should be used in urban environments (Sjöman, Östberg, & Bühler, 2012). Some non-
native species are more adaptable to a (future) urban climate than some native species
(Miller et al., 2015). Additionally, the introduction of uncommon species for urban
uses can increase the species richness (Miller et al., 2015; Sjöman, Östberg, & Bühler,
2012). However, it can bear the danger of non-native species spreading from the urban
environment to natural environments, and thereby risking the extinction of native species
(Sjöman, Östberg, & Bühler, 2012). A recent case study on the roles of native and non-
native species in urban forest planning and practice is provided by Almas and Conway
(2016).
Furthermore, within tree species selection and placement, there is a troubling conﬂict
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between the aesthetic preference for visual uniformity and the ecological need for species
diversity (Trowbridge & Bassuk, 2004). Typical street tree planting often consists of
uniform rows of a single species to be attractive to people (Trowbridge & Bassuk, 2004).
This approach of tree planting also results from only a few species being tolerant to urban
stresses (Trowbridge & Bassuk, 2004). From an ecological perspective, this gives cause for
concern, as species diversity is an important factor in increasing the resilience of an urban
tree population to pests and diseases (Elmqvist et al., 2003; Morgenroth et al., 2016;
Niemelä et al., 2010; Pauleit et al., 2002; Sjöman, Östberg, & Bühler, 2012). Additionally,
with climate change, species diversity becomes even more important as urban tree species
have to withstand challenges, such as an increase in pests and diseases (Bastrup-Birk,
Reker, Zal, Romao, & Cugny-Seguin, 2016; IPCC, 2007; Sjöman, Gunnarsson, Pauleit, &
Bothmer, 2012). Furthermore, species richness is increasingly threatened by progressive
urbanisation (Alvey, 2006; Antrop, 2004; Haaland & Konijnendijk van den Bosch, 2015;
Hansen et al., 2005; McKinney, 2002, 2006).
A recent issue in urban green space design is the unequal distribution of green spaces
which “often disproportionally beneﬁts predominantly White and more aﬄuent commu-
nities” (Wolch et al., 2014, p. 234). The creation of new green spaces to compensate
environmental injustice can, on the one hand, make neighbourhoods healthier and more
attractive, but, on the other hand, increase housing costs and property values (Wolch et
al., 2014). The latter “can lead to gentriﬁcation and a displacement of the very residents
the green space strategies were designed to beneﬁt” (Wolch et al., 2014, p. 234). Thus,
urban landscape planning should consider both ecological as well as social sustainability
(Wolch et al., 2014).
As a consequence of the numerous criteria to be considered in urban tree management,
experts with diﬀerent institutional frameworks, interests, or educational backgrounds
(landscape architects, municipal forestry staﬀ, and employees of non-proﬁt organisations,
retail nurseries and garden centres) use diﬀerent tree species selection criteria when man-
aging urban forests (Conway & Vander Vecht, 2015). It was also found that divergent
decision criteria do not always lead to diﬀerent species planted and that similar man-
agement goals between expert groups are implemented by the selection of very diﬀerent
sets of species (Conway & Vander Vecht, 2015). Furthermore, J. Wu (2014) found that
urban sustainability projects focus on human well-being, whereas urban ecology studies
focus on biodiversity, ecological processes, and ecosystem services. Thus, J. Wu (2014)
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suggests that future projects and research should take the connections between the key
components into account.
In summary, tree species selection in urban areas is a complex and challenging task
which requires the consideration of numerous factors. With identifying perceptual tree
parameters and investigating their relations to semantic meaning and preference as well as
their eﬀects on recreation, this thesis contributes to better understand the social factors
within tree species selection in urban areas (see Figure 2.2). Furthermore, the knowledge
on perceptually relevant tree parameters enables the selection of diﬀerent species which
look similar (Gerstenberg & Hofmann, 2016). Thus, applied in urban landscape design,
this knowledge provides an approach to simultaneously create a coherent overall picture
and increase a city’s tree species diversity (Gerstenberg & Hofmann, 2016).
2.4 Tree perception and preference
Humans are aesthetically attracted to natural environments and particular landscape
compositions (Hanyu, 2000; Joye, 2007; Kaplan & Kaplan, 1989; Kellert & Wilson,
1993; Le et al., 2017; Matsuoka & Kaplan, 2008; Ode, Fry, Tveit, Messager, & Miller,
2009; Özgüner & Kendle, 2006; Parsons, 1991, 1995; Purcell & Lamb, 1998; Purcell,
Lamb, Peron, & Falchero, 1994; Sevenant & Antrop, 2009, 2010; Tinio & Leder, 2009;
A. E. van den Berg & Koole, 2006). Forests and parks provide an important resource
for recreation, aesthetic appreciation, and stress relief (Carrus et al., 2013; Hägerhäll et
al., 2010; Nilsson et al., 2011; Ottitsch & Krott, 2005; Sanesi, Lafortezza, Bonnes, &
Carrus, 2006; Tyrväinen et al., 2005; Tzoulas & James, 2010; Wolch et al., 2014). The
beneﬁts urban forests and trees provide are highly valued by the public (Henwood &
Pidgeon, 2001; Tzoulas & James, 2010). In fact, urban dwellers support local urban
tree protection (Jones, Davis, & Bradford, 2012) and are even willing to pay for the
use of urban forests and parks (Dwyer, Schroeder, Louviere, & Anderson, 1989; Price,
2003; Tyrväinen, 2001). This is reﬂected in the access to urban parks and forests being
associated with higher apartment and house prices (Anderson & Cordell, 1985, 1988;
Dombrow, Rodriguez, & Sirmans, 2000; Mansﬁeld, Pattanayak, McDow, McDonald, &
Halpin, 2005; Panduro & Veie, 2013; Tyrväinen & Miettinen, 2000; Wolch et al., 2014).
Attractive landscaping in a property’s neighbourhood adds 5% (on average) to its value
(Bourassa, Hoesli, & Sun, 2003). More speciﬁcally, the combination of the number of
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street trees fronting houses and the crown area within 30.5 m of a house increases their
sales prices (Donovan & Butry, 2010).
With regard to public attitudes towards urban trees in particular, it was found that
residents’ opinions on nearby street trees are generally positive (Schroeder, Flannigan, &
Coles, 2006). Besides enhancing the aesthetic quality of streetscapes (Lohr & Pearson-
Mims, 2006; Schroeder & Cannon, 1983; Todorova, Asakawa, & Aikoh, 2004), urban trees
induce positive emotions (Lohr & Pearson-Mims, 2006; Zhang & Lin, 2011), increase the
number of urban green space visitors (Coley, Sullivan, & Kuo, 1997), and determine the
decision where to go for a walk (Priego, Breuste, & Rojas, 2008). Residents of the city
of Morelia, Mexico, especially like tall and leafy trees for shade provision and consider
trees as being beneﬁcial for them personally and for the city, since they provide oxygen
and shade, beautify the city, and enhance environmental quality (Camacho-Cervantes,
Schondube, Castillo, & MacGregor-Fors, 2014). What the same respondents did not
like about trees is that they generate garbage when they shed their leaves and can
cause infrastructure damages and accidents (Camacho-Cervantes et al., 2014). However,
consistent with the ﬁnding of Lo and Jim (2012), the majority of respondents agreed that
more trees are needed in the city (Camacho-Cervantes et al., 2014). Disliked impacts
of urban trees, such as garbage production due to leaf shedding as well as property and
infrastructure damages due to extensive root systems, can be minimised by management
activities, such as raking leaves and the consideration of tree species’ suitability for
speciﬁc urban sites in the selection process (Camacho-Cervantes et al., 2014; Nali &
Lorenzini, 2009). In urban landscape design that considers residential well-being, single
tree preferences as well as preferences regarding tree populations should be taken into
account.
2.4.1 Perception and preference of tree populations
Forest preference research provides knowledge that applies to tree populations. A recent
Delphi survey with experts in forest preference research revealed that the recreational
value of a forest increases with both size of trees within stand and variation between
stands (along a 5 km trail) according to management regime, stand age, and/or species
composition (Edwards et al., 2012b). Large clear-cuts and residue from thinning and
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harvesting decrease a forest’s recreational value (Edwards et al., 2012b), whereas nat-
ural forests are highly valued for recreational use (Tahvanainen, Tyrväinen, Ihalainen,
Vuorela, & Kolehmainen, 2001). Consistent with this, obvious traces from forest opera-
tions (Gundersen & Frivold, 2008) and human artefacts in forests (Nielsen, Heyman, &
Richnau, 2012) are disliked by the public. Furthermore, a medium level of visual penetra-
tion through a stand provides a higher recreational value than both high or low levels of
visual penetration through a stand (Edwards et al., 2012b). Likewise, dense forests with
closed vistas and abundant understorey were the most disliked among forests diﬀering
in management regime (Tyrväinen, Silvennoinen, & Kolehmainen, 2003). Perceived spa-
tial openness of natural environments in general is positively associated with perceived
restorativeness (Han, 2007, 2010), scenic beauty, and preference (Han, 2007; Herzog &
Stark, 2004). Similarly, a moderate vegetation density of natural environments receives
the highest preference ratings (Balling & Falk, 1982; Bjerke, Østdahl, Thrane, & Strumse,
2006; Falk & Balling, 2010). A recent Finnish case study on the recreational use of state-
owned commercial forests revealed that it is the width of buﬀer zones along lakes and
rivers which is especially appreciated by forest visitors (Juutinen, Kosenius, Ovaskainen,
Tolvanen, & Tyrväinen, 2016).
In urban areas, forests and parks that are accessible and provide a view are perceived to be
safer than parks that have a mass abundance of understorey and trees grouped tightly in
masses (Jansson, Fors, Lindgren, & Wiström, 2013; B. Yang, Li, Elder, & Wang, 2013).
According to the literature review of Hofmann (2010), the ﬁndings of Kuo, Bacaicoa,
and Sullivan (1998), Ramanujam (2006), and Stamps (2005) support that openness and
provision of view increase perceived safety. However, regarding the visibility of built
structures from an urban forest, a closed view to the built environment is perceived to
be more restorative than a semi-closed or open view to it (Hauru, Lehvävirta, Korpela,
& Kotze, 2012). Similarly, tree density and tree cover density of residential streets
is positively related to preference (Camacho-Cervantes et al., 2014; Coley et al., 1997;
Jiang, Larsen, Deal, & Sullivan, 2015; Jo & Ahn, 2012) and perceived safety (Kuo et
al., 1998). Consistent with this, trees, especially the portion of trees covering buildings,
mitigate perceived oppressiveness of urban streetscapes (Asgarzadeh, Lusk, Koga, &
Hirate, 2012). Roadside vegetation in general, including trees and other vegetation types,
such as shrubs, perennials, and grass, meets with high approval by the public (Weber,
Kowarik, & Säumel, 2014).
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2.4.2 Effects of individual background characteristics on forest and
landscape preference
There are inconsistent ﬁndings on the eﬀects of sociodemographic characteristics on
forest and landscape preference. A diﬀerentiated article on the eﬀects of individuals’
background characteristics on preference-relevant landscape dimensions is provided by
Sevenant and Antrop (2010). The following paragraphs provide an overview of selected
ﬁndings.
Age Research found age eﬀects on the preference of a landscape’s naturalness, the fre-
quency of visiting parks and forests, park choice behaviour, and opinions on parks. With
regard to a landscape’s naturalness, it was found that young people accept less managed
forests with abundant undergrowth and decaying wood better than older people (Tyrväi-
nen et al., 2003). Consistent with this, research on landscape preference found that
younger respondents display a higher preference for wild nature than older respondents
(A. E. van den Berg & Koole, 2006). Furthermore, study participants in their mid-40s
have a higher preference for moderate to dense urban park vegetation (compared to open
urban park landscapes) than either younger or older participants (Bjerke et al., 2006).
Considering urban park visits, age eﬀects are inconsistent. Kemperman and Timmer-
mans (2006) found that respondents of the 45-64 age group visit parks more frequently
than those of the 25-44 age group. In contrast, Payne, Mowen, and Orsega-Smith (2002)
found that older adults (50 years of age and older) visit parks less often than younger
adults (ages 18-49). Consistent with the latter result, it was shown that the respondent’s
age decreases the probability of visiting forests (Juutinen et al., 2016) and that people
older than 65 years of age use an urban green space less than those younger than 65
years of age (Kabisch & Haase, 2014). Regarding park choice behaviour, the 45-64 age
group prefers larger district parks (20 ha) more than other age groups (Kemperman &
Timmermans, 2006). Considering beliefs about roles or functions of parks, older adults
(50 years of age and older) are more likely to regard parks as serving recreational rather
than conservation purposes and are less likely to indicate that more parks are needed
compared to younger adults (ages 18-49; Payne et al., 2002). Despite these age eﬀects
on opinions on parks as well as green space preference and use, there are some studies
that did not ﬁnd any age eﬀects on landscape preference (e.g., Fischer & Shrout, 2006;
Herzog, 1989; Korpela, Kyttä, & Hartig, 2002).
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Attitude Interest in wildlife and pro-ecological value orientation were found to be pos-
itively associated with a preference for urban parks that have a moderate to dense
vegetation (Bjerke et al., 2006). Furthermore, people belonging to an environmental
conservation organisation are more likely to visit forests (Juutinen et al., 2016).
Education level Highly educated individuals accept less managed forests with abundant
undergrowth and decaying wood better than less highly educated individuals (Tyrväinen
et al., 2003). Consistent with this, research on landscape preference found that people
with high levels of income and education display a higher preference for wild nature than
respondents with low levels of income and education (A. E. van den Berg & Koole, 2006).
Similarly, more educated individuals ﬁnd a moderate to dense urban park vegetation
(compared to open urban park landscapes) more appropriate for recreation than less
educated individuals (Bjerke et al., 2006). With regard to urban park uses, more educated
people have a lower preference for strolling/relaxing activities and a higher preference
for family and sporting activities compared to less educated people (Kemperman &
Timmermans, 2006).
Ethnicity Research found ethnicity eﬀects on forest and landscape perception and pref-
erence (e.g., Baas, Ewert, & Chavez, 1993; Ho et al., 2005). Whites perceive a forest as
more safe than either African-Americans or Hispanics and as more pleasing than African-
Americans (Virden & Walker, 1999). The latter have a higher preference for visible forest
management and/or law enforcement than either Whites or Hispanics (Virden & Walker,
1999). Furthermore, Whites and Hispanics have a higher preference for a more remote
natural setting than African-Americans (Virden & Walker, 1999). The authors explain
these ﬁndings by the amount of past experience in natural environments which is lower
for the African-American study participants compared to the other participant groups.
Regarding beliefs about roles or functions of parks, African-Americans are more likely
to regard parks as serving recreational rather than conservation purposes compared to
Whites (Payne et al., 2002). They are also more likely to indicate that more parks are
needed than Whites (Payne et al., 2002). However, the latter visit parks more often than
African-Americans (Elmendorf, Willits, Sasidharan, & Godbey, 2005; Payne et al., 2002).
Similarly, a Danish study found that individuals with a non-Western ethnic background
visit green spaces less often than individuals with a Danish background (Schipperijn et
al., 2010). Incongruent with this, a Dutch study found that urban parks are used by
diﬀerent ethnic groups for relaxation and enjoyment of outdoor life, although “having
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a picnic or a barbecue” and “meeting other people” are “much more important to non-
Western migrants than to native Dutch people” (Peters, Elands, & Buijs, 2010, p. 99).
Reviews on ethnicity eﬀects on outdoor recreation are provided by Gentin (2011) and
Jay et al. (2012).
Expertise Landscape preference was found to be aﬀected by expertise in landscape plan-
ning. Lay people prefer artiﬁcial green spaces whereas landscape planners prefer natural
green spaces with high species richness and low accessibility (Hofmann, Westermann,
Kowarik, & van der Meer, 2012). For lay people the maintenance and accessibility of
urban green spaces was shown to be a predictor of preference (Hofmann et al., 2012).
Furthermore, lay people were shown to have a higher preference for open landscapes
compared to students of study programmes related to landscape or nature management
(Tveit, 2009). Regarding expertise aﬀecting forest preference, Gundersen and Frivold
(2008) as well as Bradley and Kearney (2007) found that trained foresters have a more
positive attitude towards clear-cuts than the general population. Furthermore, farmers
and forestry entrepreneurs use state-owned commercial forests less often as a recreation
resource than people with other occupational status (Juutinen et al., 2016).
Familiarity Experience of places results in a feeling of familiarity and can have positive
as well as negative eﬀects on preference of certain landscape characteristics (Kaplan &
Kaplan, 1989). A study with Swedish respondents demonstrated that the more a land-
scape is typical for Sweden, the more it is preferred (Hägerhäll, 2001). Similarly, the
recent ﬁnding that private gardens scored highest on perceived restorativeness compared
to other green space types (Cervinka et al., 2016) suggests that there is a positive asso-
ciation between familiarity and landscape preference. Consistent with this, immigrants
and locals diﬀer in landscape and urban forest perceptions (Buijs, Elands, & Langers,
2009; Edwards & Weldon, 2006; Jay & Schraml, 2009, 2014) and immigrants use an
urban green space less often than locals (Kabisch & Haase, 2014). Reviews of ﬁndings
are provided by Bourassa (1991) and Hunziker (2010).
Gender Several studies suggest that gender aﬀects forest and landscape preference. Men
were found to accept less managed forests with abundant undergrowth and decaying wood
better than women (Tyrväinen et al., 2003; Virden &Walker, 1999). The latter perceived
a forest as more mysterious, awe-inspiring and threatening than men (Virden & Walker,
1999). A possible explanation could be women’s fear of their species, particularly male
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members (Virden & Walker, 1999). Consistent with this, boys have a higher preference
for dangerous-looking landscapes than girls (Fischer & Shrout, 2006). Likewise, men visit
forests more often than women (Juutinen et al., 2016). Regarding uses of urban parks,
women prefer to perform activities, such as relaxing, strolling, and sporting, more than
men (Kemperman & Timmermans, 2006). Inconsistent with these gender diﬀerences,
Hofmann (2010) reviewed several studies that did not ﬁnd evidence for gender eﬀects on
landscape preference (e.g., Alberini, Riganti, & Longo, 2003; Hartig & Staats, 2006; Ho
et al., 2005; Korpela et al., 2002; Schauman & Salisbury, 1998; A. E. van den Berg et
al., 1998).
Housing situation Findings on the eﬀects of the residential situation on green space
preference are inconsistent. On the one hand, it was shown that the preference for
moderate to dense vegetation in an urban park (compared to open urban landscapes) is
lower for people living in apartment blocks, relative to those living in detached houses
(Bjerke et al., 2006). On the other hand, it was found that people living in ﬂats prefer
a lower degree of forest management than people living in private and terraced houses
(Tyrväinen et al., 2003). Furthermore, families with children visit parks more often
and have a higher preference for parks near their homes than families without children
(Kemperman & Timmermans, 2006). With regard to eﬀects of the living environment
on the frequency of forest visits, residents of a city with more than 20,000 inhabitants
are less likely to visit state-owned commercial forests compared to residents of smaller
cities or communities (Juutinen et al., 2016).
Inconsistent with these sociodemographic eﬀects on landscape and forest preference,
Stamps’s (1999) meta-analysis, which included 107 relevant references, demonstrates a
high consensus in landscape aesthetics for many demographic distinctions. More speciﬁ-
cally, he found high correlations when comparing groups diﬀering in their cultural back-
grounds, gender, political aﬃliation, ethnic aﬃliation, and designer/non-designer aﬃlia-
tion (.80 < r < .89). Lower correlations were found when children of age 12 or younger
were compared with adults (r = .61), when members of special interest groups (nature
conservationists, environmentalists) were compared with other respondents (r = .56),
and when designers were compared with non-designers regarding tastes for avant-garde
architecture (r = -.46; Stamps, 1999).
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Overall, the conclusions drawn from the presented studies are deterministic, but inconsis-
tent. Aiming at generating less deterministic and more replicable results, Sevenant and
Antrop (2010) used latent class analysis to explore individual diﬀerences in landscape
preferences. This method probabilistically assigns respondents in classes in function of
the respondent’s sociodemographic characteristics (Sevenant & Antrop, 2010). The au-
thors found that variables relating to behaviour and attitude are stronger determinants
for landscape preferences than the traditional sociodemographic characteristics.
2.4.3 Tree shape preference
Several studies investigating the eﬀects of tree shape on tree preference have shown that
trees with broad canopies1, including globular and spreading canopies, are preferred to
those that are narrow (Lohr & Pearson-Mims, 2006; Sommer, 1997; Sommer & Summit,
1996). Viewing spreading tree shapes also evokes more positive emotions than viewing
other tree shapes (Lohr & Pearson-Mims, 2006). Consistent with this, among tree species
widely diﬀering in their shape, the acacia, which has a spreading canopy, is the most
preferred, followed by the oak, which has a globular to oval-shaped canopy (Summit
& Sommer, 1999). The least preferred tree is the pine, which has a narrow canopy
(Summit & Sommer, 1999). Additionally, the preference for wide canopies increases
with tree height (Summit & Sommer, 1999). Furthermore, people have a preference for
trees that have large canopies and short trunks (Sommer & Summit, 1995; Summit &
Sommer, 1999). Thus, the preferred canopy size is positively related to trunk thickness
and not to trunk height (Sommer & Summit, 1995). The more preferred spreading and
globular-shaped trees are perceived to be more friendly, beautiful, warm, comforting, safe,
strong, permanent, deep, and stable than the less preferred conical and columnar-shaped
trees (Summit & Sommer, 1999). These ﬁndings are consistent with Orians’ savannah
hypothesis (Heerwagen & Orians, 1993; Orians, 1980, 1986, 2001) which implicates that
humans have a preference for landscapes and tree shapes that are characteristic for
savannahs. Typical trees of the African savannah’s fertile habitats have broad canopies,
trunks that bifurcate close to the ground, and layered canopies (Orians, 2001).
1Most studies on tree preference use canopy synonymously with crown according to U.S. customs
(Draper & Richards, 2009). However, the term canopy is often used in relation to a stand of trees
(Dunster & Dunster, 1996), whereas crown is consistently used to describe the “upper part of a tree or
woody plant that carries the main system of branches and the foliage” (Dunster & Dunster, 1996, p. 78).
Therefore, in this thesis, the term crown will be used, unless citing literature using the term canopy.
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According to the Gestalt principle of closure, our visual system favours seeing closed
or complete forms (Schiﬀman, 2001). Applying this principle, Nelson, Johnson, Strong,
and Rudakewich (2001) found that stronger or more complete canopies are perceived as
more attractive and more fecund than less complete canopies. Likewise, foliate trees are
perceived as more attractive and more fecund than bare trees (Nelson et al., 2001). The
authors used six bipolar adjective scales of the semantic diﬀerential to represent tree
attractiveness. Speciﬁcally, Nelson et al. (2001) found that trees with more complete
canopies are perceived to be more alive, active, beautiful, smooth, healthy, and pleasant
than trees with less complete canopies. Additionally, the authors found that the aesthetic
value of trees enhances with increases in leaf relative to the number of branches. Similarly,
trees that have dense canopies are preferred more frequently than trees that have open
or translucent canopies (Lohr & Pearson-Mims, 2006).
The image material of the previously mentioned studies represented trees diﬀering in
characteristics that were selected by researchers (Gerstenberg & Hofmann, 2016). It
consisted of black and white drawings, computer-generated drawings (Nelson et al., 2001;
Sommer, 1997; Sommer & Summit, 1995, 1996; Summit & Sommer, 1999), or coloured,
computer-manipulated photographic slides (Lohr & Pearson-Mims, 2006). The images
either depicted diﬀerent generic tree shapes (Nelson et al., 2001; Sommer & Summit,
1995), species varying in tree shape (Lohr & Pearson-Mims, 2006), or both (Sommer,
1997; Sommer & Summit, 1996; Summit & Sommer, 1999). Thus, in these studies, the
selected tree attributes were varied while other characteristics were held constant. This
increases the internal validity. However, these studies did not allow other tree attributes
being relevant for tree perception and preference. Furthermore, the generalisability of
ﬁndings is questionable as the tree images were hardly realistic-looking.
2.4.4 Effects of individual background characteristics on tree shape
preference
Similar to research on forest and landscape preference, eﬀects of individual background
characteristics on tree shape preference have been investigated. However, compared to
landscape preference research, the number of studies is smaller and fewer factors were
investigated.
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Geographical background Research indicates that people’s geographical background
aﬀects attitudes towards trees and tree preference. People from U.K. communities prefer
smaller trees with lower growth rates and consider trees’ shade provision as less of a ben-
eﬁt than people from U.S. communities (Schroeder et al., 2006). This may be explained
by climate diﬀerences between the compared communities. The U.S. communities in
which the survey data were collected experience higher levels of solar radiation, higher
temperatures, and lowers levels of rainfall than the U.K. communities (Schroeder et al.,
2006). Thus, shade may be more appreciated in the U.S. communities than in the U.K.
communities (Schroeder et al., 2006). The Mexicans’ preference for tall and shady trees
(Camacho-Cervantes et al., 2014) also conﬁrms this explanation.
Childhood experience Cross-national tree ranking studies revealed that people who
have early experience with a species are more favourable to it than people who have child-
hood experience with other species (Sommer, 1997; Sommer & Summit, 1996). However,
across nationality, there is a preference for broad canopies over narrow ones (Sommer,
1997; Sommer & Summit, 1996). Inconsistent with this, a tree shape perception study
with respondents from three Turkish communities revealed that trees with pyramid-
shaped trees have the highest visual quality and strength (measured by the semantic dif-
ferential; Müderrisoğlu, Eroğlu, Özkan, & Ak, 2006). Trees that have broad canopies are
second best (Müderrisoğlu et al., 2006). If trees that have pyramid-shaped canopies were
the most common during childhood for the respondents from the three Turkish commu-
nities, the early experience inﬂuence on perceived attractiveness of trees (Sommer, 1997;
Sommer & Summit, 1996) could have outweighed the preference for broad canopies. Fur-
thermore, the early experience inﬂuence could have outweighed the preference for shady
trees in regions with high levels of solar radiation and high temperatures (Camacho-
Cervantes et al., 2014; Schroeder et al., 2006). Although trees that have pyramid-shaped
canopies do provide shade, the tree icons with a pyramid-shaped canopy presented to
the Turkish respondents were more narrow than the icons with broad canopies and thus
would have provided less shade than the trees with broad canopies when the sun is at
its zenith.
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2.5 Landscape preference theories
Several paradigms and approaches have been used to investigate and explain environ-
mental attributes’ inﬂuence on landscape preference. Hunziker (2000a; 2000b; 2010) pro-
vides an overview of inﬂuential theories on landscape aesthetics and refers to Bourassa
(1990; 1991) who classiﬁed and integrated important landscape preference theories into
a theoretical framework. The latter is based on the developmental approach to un-
derstanding the human mind and human behaviour of the psychologist Lev Vygotsky.
It postulates that human behaviour is determined by biological evolution (phylogene-
sis), cultural history (sociogenesis) and individual development (ontogenesis; Vygotsky,
1978). Bourassa (1991) translates this tripartite theory of human behaviour into a the-
ory of landscape aesthetics and states that aesthetic experience is also determined by
a biological-evolutionary (universal), a cultural (social), and a personal (individual) di-
mension. Each of these dimensions inﬂuences the others (Bourassa, 1991).
Social factors that contribute to landscape preference are transmitted by an individ-
ual’s socialisation process and concern the individual development (Bourassa, 1991). As
sociodemographic eﬀects on the aesthetic experience of landscapes were described and
elucidated in Subsection 2.4.2, the following paragraphs focus on inﬂuential biological-
evolutionary theories.
The biological-evolutionary dimension of the aesthetic landscape experience is most de-
tailed elucidated in literature and most often subject of landscape preference research
(Hunziker, 2010). Except for the Gestalt principles of perceptual organisation (see Sub-
section 2.7.3), theories about the biological-evolutionary dimension of the aesthetic land-
scape experience are habitat theories which postulate that humans still today prefer
landscapes that have elements and structures that appear to enhance survival (Hunziker,
2010). There are three theories that explain landscape preference from a biological-
evolutionary perspective.
Prospect-refuge theory This theory described by Appleton (1975) postulates that
humans prefer environments that simultaneously facilitate self-protecting activities, such
as hiding or escaping, and provide a good view. Open, savannah-like landscapes with
scattered trees meet these features. “The ability to see without being seen is particularly
important both in pursuing prey and avoiding predators, two important needs of early
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men” (Bourassa, 1991, pp. 75-76). Amongst others, this theory has been criticised for
excluding other environmental features relevant to survival, such as the presence of fresh
water (Bourassa, 1991). Despite extensive critique, there is (limited) empirical evidence
for this theory (Hofmann, 2010).
Savannah hypothesis Much of human evolution took place in the savannahs of East
Africa. These habitats had a high quality for early human existence, as they provided
a good view of the landscape and resources, such as food and water (Orians, 1986).
According to the savannah hypothesis (Heerwagen & Orians, 1993; Orians, 1980, 1986,
2001) humans still today prefer savannah-like landscapes “with scattered trees and copses
in a matrix of grassland” (Orians, 1986, p. 11), as they evoke positive emotions. On
this basis, Orians (1986) also postulates that tree shapes being distinctive of highly
productive savannah habitats are the most preferred (see Subsection 2.4.3). Orians (1980)
justiﬁes the assumption of a universal, biologically determined preference for savannah-
like landscapes with three types of evidence. First, for the establishment of settlements,
the explorers of North America preferred environments that had patches of trees, river
or lake views and vantage points. Second, land prices are highest for properties with a
view to water or adjacent to bodies of water. Concerning this second type of evidence,
Bourassa (1991) argues that the preferences for views and proximity to water could also
be culturally based instead of innate. Third, designed landscapes of various cultures seek
to create savannah-like environments. Again, Bourassa (1991) argues that the savannah-
like landscape design could be culturally instead of biologically determined. He suggests
that using the characteristics of designed landscapes as evidence of a biological basis for
landscape preference is inappropriate.
Information processing theory The most signiﬁcant and most often applied theory
in landscape preference research is the biologically based information processing theory
by the environmental psychologists Rachel and Stephen Kaplan. Like Appleton (1975)
and Orians (1980; 1986; 2001), the Kaplans (1989) use an evolutionary explanation for
their theory. However, besides resource providing qualities of an environment, they
emphasise the signiﬁcance of human information processing for understanding landscape
preference: In order to survive in the African savannah, “humans have developed an
ability to acquire and process large amounts of information about their environment”
(Bourassa, 1991, p. 83). Thus, the Kaplans assumed “that environments facilitating and
stimulating the acquisition of knowledge will be preferred because such environments
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were essential to human survival and it is adaptive to prefer an environment conducive
to survival” (Bourassa, 1991, p. 83). Environmental attributes advantageous for human
perception and information processing are coherence, legibility, complexity, and mystery
(see Table 2.1). The subsequent description of these attributes follows the elucidations
of Kaplan and Kaplan (1989).
Table 2.1: The landscape preference matrix of Kaplan and Kaplan (1989).
Timing Information outcomes
Understanding Exploration
Immediate Coherence Complexity
Inferred, predicted Legibility Mystery
Complexity is immediately apparent and deﬁned as the number of diﬀerent visual ele-
ments in a scene and thus how rich and intricate the scene is. It “reﬂects how much
is going on in a particular scene, how much there is to look at - issues that call upon
the picture plane, as opposed to depth cues” (Kaplan & Kaplan, 1989, p. 53). Explo-
ration increases as variety of elements increases. Coherence is also immediately apparent
and enables understanding. It helps to provide a sense of order and to direct attention
(Kaplan & Kaplan, 1989). A coherent scene is one in which the elements appear to be
organised into a few major units. Repeated elements and uniformity of texture increase
coherence. Legibility concerns inferred or predicted information and contributes to un-
derstanding. A legible space is well-structured with distinctive elements, “so that it is
easy both to ﬁnd one’s way within the scene and to ﬁnd one’s way back to the starting
point” (Kaplan & Kaplan, 1989, p. 55). Mystery also concerns inferred or predicted
information, but in contrast to legibility, it leads to further exploration. A mysterious
scene is one that draws one in and encourages to enter and learn more about it that is
not immediately apparent. A sense of mystery is enhanced by a bend in a path or areas
that are partially obscured by foreground vegetation.
The information processing theory might have been stimulated by the research of Berlyne
(1963) and Wohlwill (1968). Berlyne (1963) found that stimuli complexity is positively
related to the amount of looking behaviour and interestingness ratings and negatively
related to preference and pleasingness ratings. Based on these ﬁndings, Berlyne (1963)
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suggests to diﬀerentiate between speciﬁc and diverse exploratory behaviour. Speciﬁc
exploration secures information for the individual, whereas diverse exploration has an
emotion-arousing, aﬀective basis (Berlyne, 1963). Consistent with this, Wohlwill (1968)
found that an environment’s complexity is positively related to the amount of exploratory
behaviour and curvilinearly related to preference, reaching a maximum at an intermediate
degree of complexity.
More recently, applying a more inductive approach, Grahn and Stigsdotter (2010) identi-
ﬁed eight perceived sensory dimensions of urban green spaces and related them to land-
scape preference. The dimension nature includes an experience of the inherent power of
nature, manifested on nature’s own terms; culture contains an essence of human culture;
prospect has a content of open and plane areas with vistas over the surroundings; social
describes an environment equipped for social activities; space describes a green environ-
ment that is perceived as spacious and having a certain degree of connectedness; rich
in species comprises variables demonstrating a diversity of expressions of life; refuge is
described as a safe and enclosed environment that provides the opportunity for people to
play or watch other people being active; serene refers to an undisturbed, calm, and silent
environment which provides the opportunity for people to retreat (Grahn & Stigsdotter,
2010). The authors found that people have a preference for the dimension serene, followed
by space, nature, rich in species, refuge, culture, prospect, and social. Similar research
was implemented by Sevenant and Antrop (2009) who found that the cognitive attributes
inviting to visit, vast, attractive vegetation, and varied were the strongest predictors of
landscape preference, followed by (not) human-influenced, coherent, well maintained, and
valuable for conservation. In a further study, Sevenant and Antrop (2010) found that
the dimensions care (“one can see that eﬀorts are made to maintain the landscape”),
naturalness (“nature still seems unspoiled here”), openness (“one can obtain an extensive
view over the landscape”), and complexity (“there are several elements having diverse
forms”) are positively correlated with landscape aesthetic preference. Whereas distur-
bance (“some elements deviate from the context”) and urbanisation (“one can see that
this landscape is close to the city”) were shown to have negative correlations with land-
scape aesthetic preference (Sevenant & Antrop, 2010). In a study, which included urban
derelict land besides formal parks, it was found that the urban green space parameters
degree of canopy closure, artificiality versus naturalness, prospect, physical accessibility,
and beauty were relevant for human perception (Hofmann et al., 2012). Relating these
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parameters to landscape preference revealed that landscape planners preferred natural
areas with low accessibility and high species richness, whereas lay people preferred high
levels of artiﬁciality and extreme (i.e., both low and high) levels of both degree of canopy
closure and prospect (Hofmann et al., 2012).
The ﬁnding that landscape preference is positively associated with prospect, refuge
(Grahn & Stigsdotter, 2010), openness (Sevenant & Antrop, 2010), and the cognitive
attribute vast (Sevenant & Antrop, 2009) is consistent with the prospect-refuge theory
(Appleton, 1975) and the savannah hypothesis (Heerwagen & Orians, 1993; Orians, 1980,
1986, 2001). That both low and high levels of both prospect and degree of canopy closure
predict landscape preference for lay people may be a product of the conﬂict between the
preference for landscapes that provide both the ability to see (prospect) and the ability
to hide (refuge; Hofmann et al., 2012). Thus, the ﬁnding is consistent with the prospect-
refuge theory (Appleton, 1975) and the savannah hypothesis (Heerwagen & Orians, 1993;
Orians, 1980, 1986, 2001). The positive associations between landscape preference and
space (Grahn & Stigsdotter, 2010) and rich in species (Grahn & Stigsdotter, 2010; Hof-
mann et al., 2012) conﬁrm the postulate of the information processing theory (Kaplan
& Kaplan, 1989) that the environmental attributes coherence/legibility and complexity
(respectively) are preferred by humans. Similarly, the cognitive attributes inviting to
visit, attractive vegetation/varied, coherent, and well maintained predicting landscape
preference (Sevenant & Antrop, 2009) is consistent with all four preferred environmental
attributes postulated by the information processing theory (mystery, complexity, coher-
ence, and legibility, respectively; Kaplan & Kaplan, 1989). Furthermore, the positive
associations between landscape aesthetic preference and the dimensions care, openness,
and complexity (Sevenant & Antrop, 2010) conﬁrm the preference components coher-
ence, legibility, and complexity (respectively; Kaplan & Kaplan, 1989). The negative
association between landscape preference and disturbance (Sevenant & Antrop, 2010)
also corresponds to the Kaplans’ (1989) landscape preference components coherence and
legibility. Finally, low accessibility predicting landscape planners’ urban green space pref-
erence (Hofmann et al., 2012) corresponds to the Kaplans’ (1989) complexity landscape
component. The study by Rosley, Lamit, and Rahman (2013) also supports complexity
being a landscape preference factor. Further studies on landscape aesthetics focussed on
the perceptual eﬀects of landscapes’ silhouettes (e.g., Hägerhäll, Purcell, & Taylor, 2004;
Ozkan & Ozdemir, 2015; Stamps, 2002). Some of the landscape preference dimensions
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and cognitive attributes identiﬁed by the presented studies add to the above described
theories: Serene, culture, social (Grahn & Stigsdotter, 2010), urbanisation (Sevenant
& Antrop, 2010), naturalness (Hofmann et al., 2012; Sevenant & Antrop, 2010), (not)
human-inﬂuenced, and valuable for conservation (Sevenant & Antrop, 2009).
As a conclusion of the above described theories and studies, it can be said that landscape
preference is complex and aﬀected by multiple and interacting factors. Furthermore, the
availability and applicability of diﬀerent theory-based landscape preference indicators
varies between concepts (Ode, Tveit, & Fry, 2008). A framework of landscape aesthetics,
which establishes links from nine theory-based concepts related to landscape percep-
tion and measurable visual indicators of landscape preference, is provided by Ode et al.
(2008).
2.6 Paradigms of landscape perception and assessment
Zube, Sell, and Taylor (1982) reviewed 160 articles on landscape perception published
in 20 journals during 1965 and 1980 and identiﬁed four paradigms that have been fol-
lowed in assessing perceived landscape values, the expert, psychophysical, cognitive, and
experiential paradigm. These will be described in the following paragraphs.
The expert or professional paradigm involves evaluation of landscape quality by profes-
sionals in art and design, ecology or resource management (Zube et al., 1982) and draws
on principles of visual aesthetics and landscape design, ecological theory, and biological
resource management concepts (Zube, 1984). Models developed under the professional
paradigm mostly are descriptive of landscape characteristics rather than predictive (Zube,
1984). The professional paradigm has great utility, but low reliability and it emphasises
on the regional or sub-regional scale (Zube, 1984).
The psychophysical or behavioural paradigm “involves assessment through testing general
public or selected populations’ evaluations of landscape aesthetic qualities or of speciﬁc
landscape properties” (Zube et al., 1982, p. 8). It is assumed that the external land-
scape characteristics are related to human evaluation and behaviour (Zube et al., 1982).
Work following the behavioural paradigm rather focusses on the site scale, draws on
concepts and theories on signal detection, stimulus response, arousal, adaptation level,
and information processing, and is based on empirical research methods (Zube, 1984).
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Its outcomes are quantitative evaluations and predictive equations of landscape quality
and have a higher validity and reliability compared to results following the professional
paradigm (Zube, 1984).
The cognitive paradigm involves research on human meaning of landscapes and landscape
characteristics (Zube et al., 1982). Research following this paradigm focusses on the
interactions of information reception, memories of past experiences, future expectation,
sociocultural conditioning, and meaning of landscape (Zube et al., 1982).
The experiential or humanistic paradigm “considers landscape values to be based on
the experience of the human-landscape interaction, whereby both are shaping and being
shaped in the interactive process” (Zube et al., 1982, p. 8). Work following the humanistic
paradigm, which is mostly done by humanists and cultural geographers, focusses on the
site scale and “draws on concepts of sense of place, transactionalism, historicism, and
phenomenology” (Zube, 1984, p. 104). Its outcomes are descriptions of both landscape
meanings and human-landscape interactions, and they lack in validity, reliability, and
utility (Zube, 1984).
Analogous to the professional and behavioural paradigms of landscape assessment, Bell,
Greene, Fisher, and Baum (2001) elucidate the descriptive and the physical-perceptual
approach of scenic evaluation. The descriptive approach evolved from the design tradi-
tion of landscape architecture. It emphasises “design principles derived from experience
and artistic judgement” (Bell et al., 2001, p. 37). Scenic evaluations following the
physical-perceptual approach are based on psychological methodology and emphasise
“characteristics of the physical environment that can be related statistically to judge-
ments of preference or landscape quality” (Bell et al., 2001, p. 39).
The studies presented in this thesis are based on landscape evaluations by the general
public, relate landscape parameters to human evaluation, focus on the site scale, draw on
psychological theories of perception, use empirical research methods and enable the pre-
diction of landscape preference. Thus, they can be assigned to the behavioural paradigm
or physical-perceptual approach of landscape perception and assessment.
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2.7 Visual perception
Perception is an experience that results from stimulation of the senses by the environment
and guides our behaviour (Wade & Swanston, 2013). Within sensory systems, visual per-
ception is the dominant, most signiﬁcant one for human beings (Schiﬀman, 2001; Wade
& Swanston, 2013). It provides the mechanisms for gaining crucial knowledge about
all objects and events in the environment (Schiﬀman, 2001; Wade & Swanston, 2013).
About one-third of the human cerebral cortex is devoted to visual analysis and percep-
tion (Breedlove & Watson, 2013), and vision dominates other sensory system when a
sensory distortion or conﬂict is present (Schiﬀman, 2001). Beyond providing us with
information beneﬁcial for our survival and serving basic needs, vision aﬀords us enjoy-
ments, such as the pleasures of nature and art, reading and writing, and watching videos
(Breedlove & Watson, 2013). Because visual perception is a central part of the investi-
gations presented in this thesis, the following subsections give an overview of structures
and processes involved in visual perception.
2.7.1 The visual system
Visual stimuli processing from the eye to the brain is subsequently described according
to Breedlove and Watson (2013). Vision begins when light reﬂected from objects in
the environment enters the eye through the pupil and passes through the transparent
cornea, the outer layer of the eye, and lens. The cornea bends, or refracts, the light and
both the cornea and lens focus it onto the receptors of the retina in the back of the eye.
The lens changes its thickness to adjust the eye’s focus for stimuli located at diﬀerent
distances (accommodation). The bent light forms an image on the retina that is reversed
and upside down. The photoreceptors in the back of the retina, rods and cones, detect
the light and adapt to function across a wide range of light intensities. Rods are light-
sensitive and most active at low levels of light, whereas cones are responsible for colour
vision. Rods and cones are diﬀerently distributed on the retina. The fovea, the central
portion of the retina with the greatest visual acuity (sharpness of vision), contains only
cones. All of the retina outside of the fovea, the periphal retina, contains both rods and
cones and thus is best for seeing dim objects. Rods and cones stimulate the bipolar cells
which in turn stimulate ganglion cells to carry the received information to the brain via
their axons. The latter form the optic nerve.
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the nature of the interconnections between the several pathways, the ﬂow of electrical
signals is aﬀected. It is the ﬂow of signals that creates perception, a conscious sensory
experience. The latter occurs when the electrical signals that represent what we are
looking at, are transformed by our brains into the experience of seeing what we focused.
Important outcomes of the perceptual process described so far are the behaviours of
recognition and action. Recognition is the ability to place an object in a category that
gives meaning to it and “action includes motor activities such as moving the head or
eyes and locomoting through the environment” (Goldstein, 2007, p. 8). Perception often
leading to action demonstrates that it is a continuously changing process. For example,
when we observe an object, it changes when we shift our attention to something else,
move to another place, or when something in the scene moves. The changes that occur
when people perceive is the reason for the steps of Goldstein’s (2007) perceptual process
(see Figure 2.3) being arranged in a circle. As the process of perception is dynamic and
continuously changing, it does not have a beginning point or an ending point, although
it might seem plausible to begin with the environmental stimulus and end with action.
Knowledge, in terms of any information that the perceiver brings to a situation, is placed
outside the circle as it can aﬀect a number of steps in the process of perception. Knowl-
edge includes both things learned years ago and knowledge obtained from experiences
that have just happened. The ability to categorise perceived objects is an example of
how knowledge acquired years ago can inﬂuence the perceptual process. This knowledge
has perceptual consequences as it helps to distinguish one object from another.
The eﬀect of knowledge on the perceptual process can be described by distinguishing be-
tween bottom-up processing and top-down processing (Goldstein, 2007; Schiﬀman, 2001).
Bottom-up processing (also called data-based processing) starts with the discrete sen-
sory features provided by the the sensory receptors, such as luminance diﬀerences, spatial
frequencies, or element orientations (Schiﬀman, 2001). “The visual system functions in
a bottom-up fashion when its basic elements are perceptually combined by involuntary
mechanisms of the brain and visual system to construct and form identiﬁable patterns
and shapes” (Schiﬀman, 2001, p. 158). The incoming information ﬂows from a basic
level up towards higher, more integrative levels (Schiﬀman, 2001). In top-down pro-
cessing (also called knowledge-based processing), voluntarily engaged higher, global, and
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abstract levels of analysis, such as the observer’s prior knowledge, experience, interpre-
tation, and expectation, aﬀect the operation of lower processes (Schiﬀman, 2001). Both
bottom-up and top-down processing are active processes and many perceptual events
require them to interact (Schiﬀman, 2001).
Selective attention plays an essential role in perceptual processing: It improves perception
and acts as a ﬁlter on the outside world (Breedlove & Watson, 2013). Breedlove and
Watson (2013) generally deﬁne selective attention as the process by which we select or
focus on one or more speciﬁc stimuli for enhanced processing and analysis. These stimuli
can represent sensory phenomena or internal cognitive processes (Breedlove & Watson,
2013).
2.7.3 Object perception
When perceiving the environment, we organise single stimuli into objects (Goldstein,
2007). The central questions of object perception research are how the environment is
perceptually organised into objects and what determines which parts of a scene are seen
as ﬁgure and which are perceived as background (Goldstein, 2007). Gestalt psychology
has made important contributions to our understanding of object perception (Goldstein,
2007). The Gestalt psychologists, notably Max Wertheimer (1912; 1923), Kurt Koﬀka
(1922; 1935), and Wolfgang Köhler (1947), emphasised that perception of the whole
dominates perception of its parts. Based on this emphasis the Gestalt psychologists
proposed the Gestalt laws of perceptual organisation, also known as Gestalt grouping
principles which specify how we organise small elements into larger objects (Goldstein,
2007; Schiﬀman, 2001). An introduction of the Gestalt laws is provided by Todorovic
(2008).
According to the Gestalt laws of perceptual organisation, elements are grouped together
when they are physically similar (law of similarity), when they are close to each other (law
of proximity or nearness), when they follow in the same direction, such as along a line or
a simple curve (law of good continuation), when they move in the same direction (law
of common fate; Goldstein, 2007; Schiﬀman, 2001), and when they are within the same
region of space (principle of common region; S. E. Palmer, 1992). Furthermore, people
tend to perceive physically incomplete objects as complete although they can discern the
missing parts if they focus on them (law of closure; Matsumoto, 2009; Schiﬀman, 2001).
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S. E. Palmer and Rock (1994) have described the phenomenon that closed regions of
homogeneous properties, such as lightness, colour, or texture, tend to be perceived as
single units (principle of uniform connectedness). This eﬀect even occurs when opposed
by grouping principles, such as proximity or similarity (S. E. Palmer & Rock, 1994). S.
E. Palmer (1999) also found that visual events that occur at the same time tend to be
grouped together (principle of synchrony). The overriding law of Gestalt psychology is
the law of Prägnanz, also referred to as the law of good ﬁgure (Goldstein, 2007; Schiﬀman,
2001). It “refers to the tendency to perceive the simplest and most stable ﬁgure of all
possible perceptual alternatives” (Schiﬀman, 2001, p. 178). Today, most perceptual
psychologists call the Gestalt laws Gestalt principles or Gestalt heuristics, as they do
not make strong enough predictions to qualify as laws (Goldstein, 2007). A heuristic is
“a rule of thumb for making decisions of a particular kind which usually works but does
not guarantee a correct solution” (Matsumoto, 2009, p. 233).
The Gestalt psychologists also studied the causes of objects being seen as separated
from the rest of the scene in which they appear (Goldstein, 2007). This is also called
perceptual segregation, or ﬁgure-ground segregation (Goldstein, 2007). “When we see
a separate object, it is usually seen as a ﬁgure that stands out from its background,
which is called the ground” (Goldstein, 2007, p. 103). Compared to the ground, the
ﬁgure is more “thinglike” and more memorable (Goldstein, 2007). The ground, seen as
being behind the ﬁgure, is perceived as unformed material and seems to extend behind
the ﬁgure. The contour separating the ﬁgure from the ground is perceived to belong to
the ﬁgure although both the ﬁgure and the ground share the contour (border ownership;
Goldstein, 2007). In his laboratory experiments, Vecera (2002) found a preference for
seeing objects in the lower portion of a stimulus array. Furthermore, displays that are
symmetrical, small in size, oriented vertically or horizontally, or meaningful are more
likely to be seen as ﬁgure (Goldstein, 2007).
Research on the connection between characteristics of the perceptual system and envi-
ronmental characteristics has shown that human visual sensitivity and acuity are better
at horizontally and vertically oriented contours than at obliquely orientated ones (Camp-
bell, Kulikowski, & Levinson, 1966; D. E. Mitchell, Freeman, &Westheimer, 1967; Orban,
Vandenbussche, & Vogels, 1984). This has been termed as the oblique eﬀect (Appelle,
1972). Coppola, Purves, McCoy, and Purves (1998) found a prevalence of vertical and
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horizontal orientations in indoor, outdoor, and even entirely natural settings. The au-
thors explain the enhanced ability of humans to process contours in the cardinal axes
by the positive eﬀect of experience on the development of visual cortical circuity (e.g.,
Blakemore & Cooper, 1970; Hirsch, 1985; Zheng & Purves, 1995). Consistent with this,
ferret studies showed that a larger proportion of the visual cortex is activated by verti-
cal and horizontal contours than by oblique orientations (Chapman & Bonhoeﬀer, 1998;
Coppola, White, Fitzpatrick, & Purves, 1998). However, when tested with more realistic
and complex broadband stimuli rather than simple stimuli used in clinic and laboratory
testing, people’s visual sensitivity is best at oblique stimuli, followed by vertical stimuli,
and worst at horizontal stimuli (Essock, DeFord, Hansen, & Sinai, 2003). Essock et al.
(2003) term this horizontal eﬀect and conclude that it has the consequence of minimising
“the perceptual saliency of the horizontal content (and, to a lesser extent, the vertical
content) that often predominates natural scenes, and enhancing the relative salience of
objects containing structure consisting of a range of orientations” (p. 1335). From an
evolutionary perspective, this may have been advantageous for survival (Essock et al.,
2003).
2.8 Knowledge representation
Knowledge inﬂuences our perceptions and actions (see Subsection 2.7.2). In order to
better understand these eﬀects, it is essential to explore the question of how knowledge
is represented and organised in our mind. Generally, the form of what we know about
things, ideas, events, and so on, in the outside world is called knowledge representation
(Sternberg & Sternberg, 2012). Research on how objects of our environment are per-
ceived, mentally represented, organised, and retrieved has a long tradition in cognitive
sciences (e.g., Barsalou, 1999; Hampton, 1999; Kiefer & Pulvermüller, 2012; Sternberg
& Sternberg, 2012). The following subsections elucidate the concepts important for this
thesis.
2.8.1 Concepts and conceptual organisation
Many psychological theories use the term concept to describe the elementary unit of
our semantic knowledge (e.g., Barsalou, 2008; Hampton, 1999; Kiefer & Pulvermüller,
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2012; Sternberg & Sternberg, 2012). Concepts are mental representations of things or
classes of things (Matsumoto, 2009) and constitute the meaning of objects, events, and
abstract ideas (Barsalou, 2008; Hampton, 1999; Kiefer & Pulvermüller, 2012; Sternberg
& Sternberg, 2012). We use concepts to interpret our experiences by classifying it on the
basis of prior knowledge (Hampton, 1999). This interpretation serves as a basis for object
recognition, action planning, language, thought, and behaviour (Kiefer & Pulvermüller,
2012; Matsumoto, 2009). In other words, concepts help to interface perception and action
(Kiefer & Pulvermüller, 2012). They are not speciﬁc in time or place (Tulving, 1972),
but represent generalisations of speciﬁc objects which we have encountered in the past
(Barsalou, 2008; Kiefer & Pulvermüller, 2012).
It is well accepted that concepts are organised categorically in the conceptual system
(Barsalou, 2008; Kiefer & Pulvermüller, 2012; Sternberg & Sternberg, 2012). A category
is a group of items consisting of diﬀerent objects or concepts which share some common
features or which are all similar to a speciﬁc prototype (Sternberg & Sternberg, 2012).
For example, the word strawberry can serve as a category of diﬀerent kinds of strawberries
or it can be an object within the category fruit. Categorical knowledge develops through
focusing our attention on components of experience and it in turn aﬀects our perceptions
by completing it and generating anticipatory inferences (Barsalou, 2008). Therefore,
for research aiming at identifying tree parameters relevant to perception, it is sensible
to investigate which tree classiﬁcations are made and to identify the tree parameters
responsible for it.
2.8.2 Conceptual representation
Most theoretical approaches on conceptual representations agree that concepts include
the sum of our sensory and motor experiences with the environment (Barsalou, 2008;
Kiefer & Pulvermüller, 2012). However, there is a debate on whether or not sensory
and motor brain systems are activated in information processing, i.e., if concepts are
represented in sensory and motor brain systems or in a system distinct from them
(Barsalou, 2008; Kiefer & Pulvermüller, 2012). In their review article, Kiefer and Pul-
vermüller (2012) distinguish theories of conceptual representation along four dimen-
sions: a) amodal versus modality-speciﬁc, b) localist versus distributed, c) innate versus
experience-dependent, and d) stable versus ﬂexible. These dimensions are not entirely
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independent of each other as some combinations go together with others. The follow-
ing paragraph brieﬂy describes these dimensions according to Kiefer and Pulvermüller’s
(2012) review of theories.
Amodal theories assume that concepts are distinct from representations in the percep-
tual and motor systems of the brain. Sensory and motor information is transformed into
an amodal symbolic representation format which does not represent sensory or motor
events. In contrast, modality-speciﬁc theories propose that concepts are functionally and
neuroanatomically grounded in perceptual and motor representations. Localist theories
postulate that a concept is coded by one node within a semantic network. Each node is
related to other nodes and this network of nodes provides propositional knowledge about
a concept (e.g., that strawberries are red) in an explicit symbolic fashion. On the con-
trary, distributed theories suggest that each concept is coded by multiple representational
units and developed through an activation pattern across several representational units.
The contribution of the units to a concept can vary according to the context in which a
concept is accessed. Innate theories claim that concepts are based upon innate, a priori
categories or formed by reasoning, whereas experience-dependent theories assume that
concepts derive from sensory experiences. Unlike stable theories of conceptual represen-
tations, which consider concepts to be situational invariant mental knowledge entities,
ﬂexible theories assume that concepts are ﬂexibly tailored to the current context, as they
consist of context-dependent features.
In order to evaluate these theories and specify the nature of conceptual representations,
Kiefer and Pulvermüller (2012) reviewed recent results from behavioural, neuropsycho-
logical, electrophysiological, and neuroimaging research. They found that results are
in favour of both amodal and modality-speciﬁc conceptual representations (Kiefer &
Pulvermüller, 2012). Therefore, the authors suggest an integrating approach in which
the conceptual system is “comprised of modality-speciﬁc systems in sensory and motor
areas complemented by an amodal ‘conceptual hub’, which integrates the distributed
modality-speciﬁc representations in a common supramodal semantic space” (Kiefer &
Pulvermüller, 2012, p. 813). Regarding the local-distributed dimension, the authors
conclude that many ﬁndings indicate a distributed representation of concepts in the
“corresponding sensory and motor areas that are also active during the perception of a
referent object or the execution of a referent action” (Kiefer & Pulvermüller, 2012, p.
814). However, the authors also found that higher-order brain areas are activated in
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conceptual processing which code information in a sparse or even localist fashion. With
regard to the innate versus experience-dependent dimension, there is evidence that in-
dicates experience-dependent formation of cell structures in sensory and motor areas.
Studies carried out to provide evidence for an innate categorical organisation of con-
ceptual knowledge cannot exclude the inﬂuence of sensory and motor experiences on
conceptual organisation. Lastly, regarding the stable-ﬂexible dimension of conceptual
representation, Kiefer and Pulvermüller (2012) conclude that concepts are situational-
dependent mental entities which are comprised of semantic features ﬂexibly recruited
from modality-speciﬁc brain regions depending on contextual constraints. In summary,
the authors’ review indicates that concepts are modality-speciﬁc, experience-dependent,
ﬂexible representations distributed across sensory and motor systems.
2.8.3 Differences between experts and lay people
Experts in general are “people who cope with complex professional demands for which
they had to gather theoretical (scientiﬁcally-based and academically imparted) knowl-
edge as well as practical experience” (Bromme & Rambow, 2001, p. 542, translated by
author). They possess disciplinary structured professional knowledge acquired during a
multi-annual vocational training and deepened through pertinent professional experience
(Bromme, Jucks, & Rambow, 2004; Rambow, 2000). In contrast, lay people neither have
such a vocational training nor the corresponding professional experience (Bromme et al.,
2004). They are aﬀected by problems experts cope with, but they lack the educational
background and the institutional framework for an autonomous problem solving which
is why they rely on experts (Bromme & Rambow, 2001).
In urban landscape design, the knowledge divergence of experts and lay people (Bromme
et al., 2004; Bromme & Rambow, 2001) can result in diﬀerences in landscape perception
and assessment between the groups. Evidence for this was provided in Subsection 2.4.2.
Furthermore, Bonnes et al. (2007) found that landscape planners and lay people do not
always share common criteria as the fundament of their environmental perceptions and
assessments and diﬀer in evaluations of urban green space quality. Thus, research on
residents’ perception and preference of urban nature is important as it provides planners
with information applicable to improve residential satisfaction and well-being.
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2.9 Conclusions
Given the increasing importance of urban nature for human health and well-being, the
number of research on environmental features’ eﬀects on perception, preference, and
health is growing. The aesthetic quality of trees, which are the most prominent elements
of urban nature, is already considered in current species selection models for cities (e.g.,
Miller et al., 2015). However, tree parameters’ eﬀects on trees’ aesthetic quality has not
yet been suﬃciently investigated. Limitations of previous studies on tree perception and
preference concern the selection and quality of image material presented to study partici-
pants. Furthermore, previous research has demonstrated that theories consider a limited
number of tree parameters being relevant to tree perception and preference. Orians’ sa-
vannah hypothesis (Heerwagen & Orians, 1993; Orians, 1980, 1986, 2001) implicates that
humans have a preference for trees with broad canopies, trunks that bifurcate close to
the ground, and layered canopies. According to the Gestalt principle of closure, humans
have a preference for dense canopies (Schiﬀman, 2001). Research allowing for further
characteristics, such as leaf colour, leaf and tree size, or bark structure, being relevant
to tree perception and preference can enrich these theories and previous ﬁndings.
With regard to health beneﬁts of urban nature, a large amount of research has focussed
on natural environments’ impacts on stress relief and psychological restoration. Nature’s
positive eﬀects on these parameters were demonstrated using each physiological measures
(e.g., reduction of blood pressure and heart rate), self-assessments of aﬀective states, and
cognitive functioning. The stress reduction theory (Ulrich, 1983; Ulrich et al., 1991) and
the attention restoration theory (Kaplan & Kaplan, 1989) both apply particular envi-
ronmental properties to explain these eﬀects. However, they propose large-scale proper-
ties that primarily contrast built, man-made environments with natural environments.
In order to generate further knowledge on the restoration promoting eﬀects of urban
green spaces, studies could investigate particular small-scale landscape characteristics’
eﬀects on restorativeness, such as tree species compositions. Previous research found that
species richness positively aﬀects aesthetic appreciation (Jo & Ahn, 2012; Lindemann-
Matthies et al., 2010; A. E. van den Berg et al., 1998), psychological well-being (Fuller et
al., 2007), and urban green space visits (Bonnes et al., 2007). Species richness increasing
fascination (Kaplan & Kaplan, 1989) may explain these results. In contrast, Edwards
et al. (2012b) did not ﬁnd an eﬀect of the number of tree species within a stand on a
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forest’s recreational value. Applying the attention restoration theory (Kaplan & Kaplan,
1989), a contradiction between the restorativeness components fascination and coherence
may explain this inconsistency of results. While fascination increases with the variety
of informational activities to be carried out, coherence increases with the number of re-
peated elements and uniformity of texture (Kaplan & Kaplan, 1989). From a theoretical
perspective, a medium degree of stimulus diversity, e.g., implemented by various, similar-
looking tree species (in other words, a medium degree of tree characteristics’ diversity),
could increase fascination without decreasing coherence. Thus, a medium degree of tree
characteristics’ diversity in urban green spaces could provide an approach to address the
contradiction between the two components. Investigating the eﬀects of tree character-
istics’ diversity on fascination and coherence may contribute to increase the restoration
promoting eﬀects of urban green spaces. Furthermore, this investigation applies the
restorativeness components postulated by Kaplan and Kaplan (1989) on a smaller scale.
In this regard, respective ﬁndings would add to their theory.

Chapter 3
Identification of perceptual tree
parameters
3.1 Introduction and objectives
Trees increase urban environmental and aesthetic quality as well as residential health
and well-being for which they are highly valued by the public (see Sections 2.1 and 2.4).
Urban tree selection and placement is a complex task, as the adaptability to the site
conditions, the aesthetic quality of trees, and tree compositions as well as management
costs need to be considered (see Section 2.3). Regarding the aesthetic quality of trees,
some research has investigated tree perception and preference. In summary, previous
studies found a preference for speciﬁc canopy shapes (see Subsection 2.4.3). However,
these investigations hardly allowed for a broader range of characteristics being relevant
to tree perception. Furthermore, previous ﬁndings provide knowledge on preference ef-
fects of tree categories rather than metric tree parameters. In order to ﬁll these gaps,
the present study aims to identify tree parameters relevant to tree perception and tree
diﬀerentiation. A potential application of this knowledge in urban planning is the se-
lection of diﬀerent species which look similar. This approach of tree species selection
may contribute to simultaneously create a coherent overall picture and increase species
richness in cities. Thus, the application of the ﬁndings in urban tree selection and place-
ment may be conducive to satisfy both the aesthetic preference for visual uniformity
(Trowbridge & Bassuk, 2004) and the ecological need for species diversity (Elmqvist et
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al., 2003; Morgenroth et al., 2016; Niemelä et al., 2010; Pauleit et al., 2002; Sjöman,
Östberg, & Bühler, 2012).
As mentioned in the Preface, the studies presented in this Chapter and Chapter 5 are
published in the Journal Urban Forestry & Urban Greening (see Gerstenberg & Hofmann,
2016). If text passages of these Chapters are literally identical to the published article,
it will be appropriately indicated. The same refers to Tables and Figures.
3.2 Methods
3.2.1 Stimulus material
Twenty-four photorealistic colour tree images were generated using Xfrog
plant models (Xfrog Inc., 2006) and Terragen 2 software (Planetside Soft-
ware, 2009, version 2.4) [and developed on 10 × 15 cm photographic paper].
Using computer-rendered landscapes instead of photographs has the advan-
tage that elements can easily be varied while other image content is held
constant. A recent meta-analysis showed statistical equivalence between eval-
uations that are based on static colour simulations and those that are elicited
under onsite conditions (Stamps, 2010). (Gerstenberg & Hofmann, 2016, pp.
104-105)
Likewise, Tyrväinen and Tahvanainen (1999), who compared scenic beauty ratings of
landscape photographs with the corresponding computer-generated line graphics of the
same landscapes, found that the presentation format only had little eﬀect on landscape
ratings.
The 24 selected trees [see Figure 3.1, for scientiﬁc tree species names see
Appendix Table A.1] can be found in temperate climates [and, according to
experts in forest botany, they are suitable to be planted in the city of Dresden
and periphery]. Deciduous trees and conifers were included. Shrubs, tree
relevant to fruit production, and trees with non-green leaves were excluded
from the material, and all trees were of adult age. Next to each tree, a bench
was depicted acting as a reference object to allow participants to estimate
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29.4 years (Mdn = 26, range = 13 – 69, SD = 10.5), and 50.8% were female.
(Gerstenberg & Hofmann, 2016, p. 105)
Thus, the sample’s mean age was lower than that of the German population (44.3 years;
Statistisches Bundesamt, 2015a), whereas the sample’s gender distribution is equivalent
to that of the German population (51% female; Statistisches Bundesamt, 2015c).
The majority of the participants (85.6%) were residents of Dresden, the cap-
ital city of Saxony, Germany, 6.1% of the participants lived in medium-sized
towns (20,000 to 100,000 inhabitants), 6.1% lived in small-sized towns (less
than 20,000 inhabitants), 1.5% lived in villages (less than 5000 inhabitants),
and 0.8% lived in another city with more than 500,000 inhabitants. Among
the participants, 82.6% had a general qualiﬁcation for university entrance,
15.9% had a tenth-grade school-leaving certiﬁcate, and 1.5% had a ninth-
grade school-leaving certiﬁcate. Among the German urban population, 39.6%
have the general qualiﬁcation for university entrance, 24.6% have a tenth-
grade school-leaving certiﬁcate, and 26.9% have a ninth-grade school-leaving
certiﬁcate (Statistisches Bundesamt, 2015b). Among the German urban pop-
ulation between 25 and 30 years of age, 61.9% have the general qualiﬁcation
for university entrance, 21.9% have a tenth-grade school-leaving certiﬁcate,
and 11.9% have a ninth-grade school-leaving certiﬁcate (Statistisches Bunde-
samt, 2015b). Thus, the school education level of the sample is higher than
that of both of each, the German urban population in general and the German
urban population between 25 and 30 years of age. Among the participants,
33.3% had completed a vocational training, which is less compared to both
of each, the German urban population in general (48.4%; Statistisches Bun-
desamt, 2015b) and the German urban population between 25 and 30 years
of age (42%; Statistisches Bundesamt, 2015b). Furthermore, 33.3% had a
university degree, which is more compared to the German urban population
in general (22.7%; Statistisches Bundesamt, 2015b), but almost equivalent
to the German urban population between 25 and 30 years of age (30.5%;
Statistisches Bundesamt, 2015b). Regarding the housing situation, 86.4% of
the participants were living in rented accommodation, 4.5% were living in
their own homes, and 9.1% did not answer the question. Among the German
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population, 57% live in rented accommodation, and 43% live in their own
homes (Statistisches Bundesamt, 2013). However, among the German popu-
lation between 20 and 29 years of age, 76.2% live in rented accommodation
and 23.3% live in their own homes (IfD Allensbach, 2015). Thus, the relation
of home-owners to tenants of [the] sample was not equivalent to the German
population in general, but almost equivalent to the German population be-
tween 20 and 29 years of age. Furthermore, among the participants, 70.5%
neither had an educational background nor work experience in disciplines re-
lated to tree species selection in urban areas such as landscape architecture,
landscape planning, forest science, landscaping and horticulture, and nature
and landscape maintenance, 25% had an educational background and/or work
experience of less than two years in at least one of the previously mentioned
disciplines, and 4.5% had at least two years of work experience in at least one
of the previously mentioned disciplines. Thus, the sample mainly consisted
of lay people regarding disciplines related to tree selection in urban areas.
Consistent with this, the participants most frequently rated their knowledge
on tree species selection as being “rather bad” (35.6%). Ratings were made
on a ﬁve-point Likert scale, ranging from “very good” (1) to “very bad” (5),
the range of ratings was 1 to 5, with 4 being the median of the respondents’
self-assessments. However, 40.9% of the participants stated to spend leisure
time on these disciplines and the majority (53.8%) regarded the design of
green spaces in their living environment as being “very important”. Ratings
were again made on a ﬁve-point Likert scale, ranging from “very important”
(1) to “not at all important” (5), the range of ratings was 1 to 3, with 1 being
the median. All subjects participated voluntarily[,] consented to use of data
which were collected anonymously[, and received a monetary compensation].
(Gerstenberg & Hofmann, 2016, p. 105)
3.2.3 Procedure
“Data were collected in January and February 2013” (Gerstenberg & Hofmann, 2016, p.
105). The experiment consisted of a multiple sorting procedure which is a technique to
explore the relationships between objects and object categories (Barnett, 2004). Detailed
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participant instructions are illustrated in Appendix A.1.2. The procedure was conducted
in a university room furnished only with chairs and tables.
A maximum of ﬁve subjects participated each time. The task was to sort the
24 images based on perceived similarity. Within 1 hour, three to ﬁve sorts
were conducted, and each sort used a diﬀerent, self-selected sorting criterion.
After each sort, subjects noted the current overall sorting criterion and the
characteristics shared by all trees of each group. (Gerstenberg & Hofmann,
2016, p. 105)
3.2.4 Data analysis
Data from the multiple sorting procedures were transferred into a 24 × 24
similarity matrix. Each cell in the matrix included the frequency of two
trees that appeared in a common group during the sorting procedures. Using
“Canberra” distances (Lance & Williams, 1966), the matrix was transformed
into a dissimilarity matrix in which the highest values corresponded to the
lowest similarities, and vice versa. (Gerstenberg & Hofmann, 2016, p. 105)
Dissimilarity matrices were created for the entire sample and all sorts, the entire sample
and the ﬁrst sort, and the male and female sample separately, each containing all sorts.
They were the basis for hierarchical cluster analyses which were conducted to reduce the
number of tree species to a smaller number of tree types. Ward’s (1963) algorithm was
used for cluster analyses.
A visual decision criterion (Jain, Murty, & Flynn, 1999) was applied by
searching for a ‘knee’ in the goodness-of-ﬁt measure plots to identify the
appropriate number of clusters[. T]he goodness-of-ﬁt measure plot depicts
the sum of squared deviations × the number of clusters. ... The ‘knee’ in
these plots indicated the point at which adding more clusters to the cluster-
ing solution ... did not signiﬁcantly improve the model ﬁts. (Gerstenberg &
Hofmann, 2016, p. 105)
Chapter 3. Identification of perceptual tree parameters 55
Using this method, a ﬁve cluster solution was chosen. Participants’ sorting criteria and
grouping descriptions as well as judgements of experts in forest botany were used to
interpret the clusters.
On the basis of the dissimilarity matrices described above, multidimensional scaling
analyses (MDS; Borg & Groenen, 2005) were conducted using the non-linear mapping
algorithm by Sammon (1969). MDS analyses result in a geometrical representation of n
objects by n points in a m-dimensional space, so that the interpoint distances correspond
to the dissimilarity between objects (Kruskal, 1964). In order to identify the appropriate
number of dimensions (m), the stress values (Kruskal, 1964) were used. They represent
a goodness-of-ﬁt measure, that is, the smaller the stress value, the better the model ﬁt.
MDS models for diﬀerent dimensionalities were computed and the resulting stress values
were plotted against the m-values. The ‘elbow’ (Borg & Groenen, 2005) in the curve of
the plot indicates the point at “which further increase in [m] does not signiﬁcantly reduce
[s]tress” (Kruskal, 1964, p. 16). To put it diﬀerently, the ‘elbow’ marks “the point where
MDS uses additional dimensions to essentially only scale the noise in the data, after
having succeeded in representing the systematic structure in the given dimensionality
m” (Borg & Groenen, 2005, p. 48). Using this method, a three-dimensional MDS model
was chosen.
The dimensions represent the participants’ perceptual space (Borg & Groenen, 2005)
regarding tree species. Every dimension was interpreted as a distinct characteristic be-
ing relevant to the cognitive representation of trees, that is, as a classiﬁcation criterion.
Like in the hierarchical cluster analyses, participants’ sorting criteria and grouping de-
scriptions as well as judgements of experts in forest botany were used to interpret the
dimensions. Additionally, the results of the hierarchical cluster analyses aided in dimen-
sion interpretation. To validate the interpretations, the trees’ coordinates on a dimension
were correlated with the corresponding tree parameter measured with Adobe Photoshop
software (Adobe Systems Inc., 2014, version 15.2.2;). The statistical software R (R
Development Core Team, 2014, version 3.1.2) was used for data preparation and and
analyses.
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3.3 Results
3.3.1 Perceptual classification criteria of trees
The cluster analysis dendrogram (see [Figure 3.2]) visualises a ﬁve category
hierarchy of trees. The ﬁrst major distinction isolates conifers (cluster 5)
from deciduous trees (clusters 1–4). The second important distinction divides
deciduous trees into those that had globular-shaped (clusters 3 and 4) or oval-
shaped crowns (clusters 1 and 2). The latter are divided into trees with dense
(cluster 2) versus open crowns (cluster 1). Trees that had a globular-shaped
crown are divided into trees with long (cluster 4) versus short trunks (cluster
3). (Gerstenberg & Hofmann, 2016, pp. 105-106)
The underlying classiﬁcation criteria can be described as conifers versus deciduous trees,
crown shape, foliage density, and trunk length. The goodness-of-ﬁt measure plot (see
Figure 3.3) illustrates that adding more clusters to the solution would not have signif-
icantly decreased the sum of squared deviations, that is, it would not have improved
model ﬁt.
When analysing the data of the male and female participant groups separately, the
cluster structures were nearly identical (see Appendix Figures B.1 and B.2). Only two
trees (Italian Maple and Montpellier Maple) were found in diﬀerent clusters. The male
subsample placed the Italian Maple in the cluster of trees that had an oval-shaped, dense
crown and the Montpellier Maple in the cluster of trees that had a globular-shaped crown
and a short trunk. In contrast, for the female participant group, both trees were assigned
to the cluster of trees that had a globular-shaped crown and a long trunk. In the cluster
solution of the entire participant group, both trees were found in the cluster of trees that
had a globular-shaped crown and a short trunk. Diﬀerent from the cluster solution of
the female subsample, in the solution of the male subsample, the distinction between
trees that had an oval-shaped, dense crown and all other deciduous trees was more
important than the distinction between trees that had a globular-shaped versus oval-
shaped crown. For the male subsample, the next important distinction separated trees
that had an oval-shaped, open crown from trees that had globular-shaped crowns. The
latter were divided according to trunk length. The hierarchy of distinctions for the female
subsample and the entire participant group were identical. In summary, the male and
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female subsamples diﬀered regarding the hierarchy of distinctions and the allocation of
the Italian and Montpellier Maple. However, not ﬁnding any other diﬀerences between
the two subsamples’ cluster structures “indicate[s] a good internal consistency of the
cluster solution, i.e., it support[s] the reliability of the clustering procedure and results”
(Hofmann et al., 2012, p. 307).
When analysing the data of the ﬁrst sort and all sorts separately, the cluster structures
were also nearly identical (see Figure 3.2 and Appendix Figure B.3). Only two trees
(Italian Maple and Shagbark Hickory) were found in diﬀerent clusters. In the cluster
solution of the ﬁrst sort, the Italian Maple and the Shagbark Hickory were found in
the cluster of trees that had oval-shaped, dense crowns. In contrast, in the solution of
all sorts, the Italian Maple was placed in the cluster of trees that had globular-shaped
crowns and short trunks and the Shagbark Hickory was assigned to the cluster of trees
that had oval-shaped, open crowns. The hierarchy of distinctions for the ﬁrst sort and
all sorts were identical. Compared to all sorts, for the ﬁrst sort the distinction between
conifers and deciduous trees decreased the sum of squared deviations to a greater degree
(see Figure 3.3). That is, this distinction’s importance in explaining the data was greater
for the ﬁrst sort compared to all sorts. Like in the gender-related clustering comparison,
the similarity between both cluster structures indicates a good internal consistency of
the cluster solution.
3.3.2 Perceptual dimensions of trees
With the aid of the goodness-of-ﬁt measure plot (see Figure 3.3) a three-dimensional
MDS model was identiﬁed which represented a good to excellent ﬁt (stress value of
all sorts, entire sample = 0.027, stress value of the ﬁrst sort, entire sample = 0.02,
stress value of all sorts, male subsample = 0.025, and stress value of all sorts, female
subsample = 0.026). Per dimension, the MDS coordinates of the ﬁrst sort were nearly
identical to the respective coordinates of all sorts (.931 ≤ r ≤ .958, Pearson’s correlation
coeﬃcients). Similarly, per dimension, the MDS coordinates of the male subsample were
nearly identical to the respective coordinates of the female subsample (.878 ≤ r ≤ .937,
Pearson’s correlation coeﬃcients). Furthermore, per dimension, the MDS coordinates
of each of the two subsamples were nearly identical to the respective coordinates of the
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Figure 3.3: Goodness-of-fit measure plots of the hierarchical cluster analyses and
the multidimensional scaling analyses. Each of the plots depicts the goodness-of-fit
determined with the data of a) all sorts, entire sample (n = 132), b) the first sort,
entire sample (n = 132), c) all sorts, male subsample (n = 65), and d) all sorts, female
subsample (n = 67).
entire sample (.971 ≤ r ≤ .981 and .943 ≤ r ≤ .964, respectively; Pearson’s correlation
coeﬃcients).
The three-dimensional MDS model of the matrix containing the data of the entire sample
and all sorts is depicted in Figure 3.4. Applying the previously mentioned methods (see
Subsection 3.2.4), the following dimension interpretations were made:
[T]he ﬁrst dimension indicates a distinction between conifers and deciduous
trees, with the latter at the bottom of the upper [two] diagram[s]. The
second dimension relates to the crown shape, as trees that had a higher
crown height compared to width are at the [right of the ﬁrst diagram/top
of the third diagram] and trees that had a lower crown height compared
to width are at the [left of the ﬁrst diagram/bottom of the third] diagram.
The third dimension reﬂects the two-dimensional crown size compared to the
trunk height, as trees that had a larger crown size are at the right and trees
that had a smaller crown size are at the left of [the lower two] diagrams.
[The] interpretations for the second and third dimensions only apply to the
deciduous trees. (Gerstenberg & Hofmann, 2016, p. 106)
The MDS models of the ﬁrst sort and those of the male and female subsample separately
are depicted in Appendix Figures B.6, B.4, and B.5. The exact image coordinates of
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each model are illustrated in Appendix Tables B.1, B.2, B.3, and B.4. The correlation
matrices of the MDS coordinates of a) the ﬁrst sort with all sorts, b) the male subsample
with the female subsample, and each of the latter with the entire sample (all sorts) are
depicted in Appendix Tables B.5, B.6, B.7, and B.8.
3.3.3 Validation of the dimension interpretation
To validate the interpretation of the less obvious MDS dimensions 2 and
3, each deciduous tree was measured with Adobe Photoshop software (Adobe
Systems Inc., 2014, version 15.2.2). The height and width for each crown were
determined by applying the “focus area selection” function. An image noise
value was identiﬁed as a selection criterion that extracts the crown from the
background and the trunk. The crown height was measured from the lowest
to the highest selected pixels and the crown width from the leftmost to the
rightmost selected crown pixels. Crown height was divided by crown width to
validate dimension 2. The two-dimensional crown size was determined by the
number of pixels included in the selected crown. Analogous to determining
the crown parameters, trunk height was measured from the lowest to the
highest trunk pixels. The upper end of the trunk was deﬁned as the highest
trunk pixel that was excluded from the crown by the image noise value.
Then, the two-dimensional crown size was divided by the trunk height to
validate dimension 3. A Pearson product-moment correlation analysis using
the MDS coordinates of the second dimension and the crown height to crown
width ratio revealed a positive signiﬁcant correlation with a medium eﬀect
size ([r = .550, p < .01]). A Pearson product-moment correlation analysis
using the MDS coordinates of the third dimension and the two-dimensional
crown size to trunk height ratio also revealed a positive signiﬁcant correlation
with a [strong] eﬀect size ([r = .625, p < .01]). These results strengthen the
interpretation of the MDS dimensions 2 and 3. (Gerstenberg & Hofmann,
2016, pp. 106-107)
Each tree’s values of the crown height to crown width ratio and the two-dimensional
crown size to trunk height ratio are depicted in Appendix Table B.9. The correlation
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Figure 3.4: Three-dimensional MDS model (all sorts, entire sample) of Gerstenberg
and Hofmann (2016, modified by author). The closer two trees are, the more features
they share, i.e., the more similar they are. The axis labels indicate the dimension
interpretations (see the text). n = 132.
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matrix of the Pearson product-moment correlation analyses are depicted in Appendix
Table B.10.
3.4 Discussion
Residents of Dresden, Germany and its surroundings used perceptual tree
parameters to describe and distinguish adult trees. Important criteria for
participants were the distinction between conifers and deciduous trees, crown
shape, the ratio of the two-dimensional crown size to the trunk height and
crown density. (Gerstenberg & Hofmann, 2016, p. 108)
Tree size not being relevant to tree perception is inconsistent with previous research (e.g.,
Camacho-Cervantes et al., 2014; Edwards et al., 2012b; Gundersen & Frivold, 2008; Jo &
Ahn, 2012; Lindemann-Matthies & Bose, 2007; Rautalin, Uusitalo, & Pukkala, 2001). “A
possible explanation may be, that the participants did not use the bench placed besides
each tree as a reference object to estimate the tree’s size” (Gerstenberg & Hofmann,
2016, p. 109).
Consistent with research that found no gender eﬀects on landscape perception (e.g., Al-
berini et al., 2003; Hartig & Staats, 2006; Ho et al., 2005; Korpela et al., 2002; Schauman
& Salisbury, 1998; A. E. van den Berg et al., 1998), diﬀerences between the male and fe-
male subsample’s cluster analysis dendrograms and the MDS models were small. In fact,
the MDS coordinates of the male subsample were strongly correlated with the respective
coordinates of the female subsample (see Subsection 3.3.2).
3.4.1 Cluster analysis and MDS comparison
The cluster analysis resulted in ﬁve groups of trees that were distinct from
each other. The cluster analysis also yielded a hierarchy of distinctions be-
tween trees. The three MDS dimensions correspond to the cluster analysis
results: The distinction between conifers and deciduous trees was the most
important distinguishing feature in both analyses (ﬁrst bifurcation in the
cluster dendrogram [see Figure 3.2]; ﬁrst dimension of the MDS diagram [see
Figure 3.4]). Additionally, the ratio of crown height to width was the second
Chapter 3. Identification of perceptual tree parameters 63
most important parameter in both analyses (distinction between the trees
that had oval-shaped crowns in clusters 1 and 2 and the trees with globular-
shaped crowns in clusters 3 and 4 [see Figure 3.2]; second dimension of the
MDS diagram [see Figure 3.4]). The two-dimensional crown size to the trunk
height ratio (MDS dimension 3) is analogous to the distinction between trees
that had a globular-shaped crown and a short trunk (cluster 3) and trees that
had a globular-shaped crown and a long trunk (cluster 4). This distinction
was not found for trees that had an oval-shaped crown, and in fact, the ratio
variation was very small in this group. In contrast to the MDS model, the
clustering solution indicates one additional tree parameter that distinguished
between trees that had an oval-shaped crown, speciﬁcally its crown density
(the third bifurcation in the cluster dendrogram [see Figure 3.2]). This may
indicate a statistical procedure limitation or a misinterpretation of clusters
and/or dimensions. (Gerstenberg & Hofmann, 2016, p. 108)
3.4.2 Implications for green space planning
The present study adds to the literature on tree perception and preference
(e.g., Lohr & Pearson-Mims, 2006; Nelson et al., 2001; Sommer, 1997; Som-
mer & Summit, 1995, 1996; Summit & Sommer, 1999). The distinction be-
tween conifers and deciduous trees may be superior to diﬀerentiating globular-
shaped and oval-shaped crowns. Conifer crowns are characterised by their
columnar shape and may look less closed compared to the deciduous tree
crowns. Additionally, conifers are characterised by small and needle-shaped
leaves that may provide a higher percentage of shade compared to the decid-
uous tree leaves when viewed frontally with constant lightening. Therefore,
leafed branches of conifers may appear darker than those of deciduous trees.
... In urban tree selection and composition, the identiﬁed perceptual tree pa-
rameters enable the selection of diﬀerent tree species which look similar and
thus, the creation of a coherent overall picture with a simultaneous increase
of species diversity in urban areas, which increases resilience of tree popula-
tions to pests and diseases. Consequently, the application of the presented
ﬁndings can beneﬁt both, ecosystem health and residential well-being. Fur-
thermore, the identiﬁed perceptual tree parameters allow for multiple criteria
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to be used to describe and evaluate trees and landscapes. Because the pa-
rameters identiﬁed by the MDS are metric, they may also increase precision
in the aesthetic evaluation of trees. [The] results may also beneﬁt research on
tree preference. For example, when studying tree preference, tree types often
diﬀer by criteria chosen by researchers (e.g., Lohr & Pearson-Mims, 2006;
Nelson et al., 2001; Sommer, 1997; Sommer & Summit, 1995, 1996; Summit
& Sommer, 1999). The present studies’ results may provide a more reliable
basis for systematically comparing tree types, which could ultimately help to
identify the speciﬁc tree features responsible for these eﬀects. (Gerstenberg
& Hofmann, 2016, p. 109)
3.4.3 Limitations and links for future research
A limitation of the studies is the external validity. In reality, trees serve mul-
tiple purposes and they change their appearance during their lifespan and the
annual cycle. They are perceived from diﬀerent angles and in the context of
diﬀerent sites. All these factors may inﬂuence tree perception and preference.
[The found perceptual tree parameters] are based on evaluations of trees in
full foliage as they occur in late spring and summer. [The parameters crown
width to crown height ratio, two-dimensional crown size to trunk height ra-
tio, and crown density all] concern characteristics of the crown, which change
with the season. Thus, the ﬁndings may not apply for tree [perception] in
autumn and winter, when leaves change their colour and fall. (Gerstenberg
& Hofmann, 2016, p. 109)
In addition to that, when selecting trees that have speciﬁc perceptually relevant charac-
teristics, it has to be considered that parameters such as species leaf density, branching
pattern, growth direction, and crown shape depend on climate and soil factors, environ-
mental conditions, competition, and provenance (Ginau, Opp, Sun, & Halik, 2013; Sæbø
et al., 2005). Similarly, tree height and crown height to trunk height ratio are aﬀected
by inter-tree competition (Fraver et al., 2014; Jucker et al., 2014). Future research could
“investigate diﬀerences in human tree perception related to sociodemographic factors
(e.g., age, education, cultural and geographical backgrounds) and trees being typical or
unusual for the studied region” (Gerstenberg & Hofmann, 2016, p. 109).
Chapter 3. Identification of perceptual tree parameters 65
3.5 Summary
Trees in urban areas enhance human mental and physical well-being. However, the
tree beneﬁts in urban landscape planning are insuﬃciently recognised, and there is little
knowledge on perceptually relevant tree characteristics. To address this issue, the present
study identiﬁed tree parameters relevant to human perception. Therefore, in a university
room, 132 residents of Dresden and its surroundings sorted 24 photorealistic colour tree
images by perceived similarity. “Hierarchical cluster analysis and multidimensional scal-
ing (MDS) revealed the distinction between conifers and deciduous trees, crown shape,
the two-dimensional crown size to trunk height ratio[,] and crown density as important to
humans” (Gerstenberg & Hofmann, 2016, p. 103). As they are metric, these parameters
are more precise than those used in previous research on tree perception.
In the task of tree selection and placement for urban areas, the identiﬁed
perceptual tree parameters may allow for achieving a coherent overall picture
with a simultaneous increase of tree species richness. Thus, urban landscape
planning can apply the presented ﬁndings for increasing ecosystem health
and residential satisfaction. (Gerstenberg & Hofmann, 2016, p. 103)

Chapter 4
Perceptual tree parameters’
semantic meaning
4.1 Introduction and objectives
In the previous Chapter, tree parameters relevant to human perception were identiﬁed on
the basis of study participants’ tree classiﬁcations. However, what these parameters mean
to people and how they would describe them remains unanswered. This knowledge may
contribute to a more eﬃcient communication between experts and lay people. In order
to gain such knowledge, the semantic meaning of the 24 trees used in study 1, described
in Chapter 3, was assessed and related to the perceptual tree parameters. Therefore,
the semantic diﬀerential (Osgood, Suci, & Tannenbaum, 1957), which uses evaluations
on bipolar adjective scales to investigate object meaning, was applied. Factor-analytic
investigations revealed that the major dimensions of semantic meaning are evaluation, po-
tency, and activity (Osgood et al., 1957). As already mentioned by Summit and Sommer
(1999), there is little point in evaluating trees on an activity dimension, as exempliﬁed
by active/passive or fast/slow adjective scales. Therefore, the present investigation is
restricted to four adjective scales representing the evaluation dimension and four scales
representing the potency dimension.
67
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4.2 Methods
4.2.1 Participants
Participants (n = 122) were recruited from the general public via bulletins in public
buildings and online advertisements. The sample’s mean age was 32.5 years (Mdn = 27,
range = 15 - 74, SD = 13.339), and 50% were female. Thus, the sample’s mean age was
lower than that of the German population (44.3 years; Statistisches Bundesamt, 2015a),
whereas the sample’s gender distribution was almost equivalent to that of the German
population (51% female; Statistisches Bundesamt, 2015c).
Among the participants, 56.6% lived in cities with more than 100,000 inhabitants, 18%
lived in medium-sized towns (20,000 to 100,000 inhabitants), 9% lived in small-sized
towns (less than 20,000 inhabitants), and 16.4% lived in villages (less than 5000 in-
habitants). Furthermore, among the participants, 79.5% had a general qualiﬁcation for
university entrance, 18.9% had a tenth-grade school-leaving certiﬁcate, and 1.6% had a
ninth-grade school-leaving certiﬁcate. Among the German population, 28.8% have the
general qualiﬁcation for university entrance, 29.6% have a tenth-grade school-leaving
certiﬁcate, and 33.8% have a ninth-grade school-leaving certiﬁcate (Statistisches Bun-
desamt, 2015b). Thus, the school education level of the sample is higher than that of
the German population. Among the participants, 41% had a university degree, which
is more compared to the German population (15.9%; Statistisches Bundesamt, 2015b).
However, among the participants, 57.4% had completed a vocational training, which is
equivalent to the German population (57.4%; Statistisches Bundesamt, 2015b).
Regarding the housing situation, 76.2% of the participants were living in rented accom-
modation and 23.8% were living in their own homes. Thus, the sample’s percentage of
people living in rented accommodation is higher than that of the German population
(57% live in rented accommodation, and 43% live in their own homes; Statistisches Bun-
desamt, 2013). However, the home-owners to tenants relation of the sample is equivalent
to that of the German population between 20 and 29 years of age (76.2% live in rented
accommodation and 23.3% live in their own homes; IfD Allensbach, 2015).
With regard to expertise in urban landscape design, the majority of the participants
(84.4%) did not have an educational background in disciplines related to urban land-
scape design, such as landscape planning, landscape architecture, forest science, nature
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and landscape maintenance, or landscaping and horticulture. Similarly, 91.8% of the par-
ticipants did not have any work experience in at least one of the previously mentioned
disciplines. Thus, the sample mainly consisted of lay people with regard to disciplines
related to urban landscape design. However, 24.6% of the participants stated to spend
leisure time on disciplines related to urban landscape design and 32.8% stated to reg-
ularly use a garden. Furthermore, the majority of the participants (66.4%) stated to
very frequently or rather frequently visit urban green spaces. Ratings were made on a
ﬁve-point Likert scale, ranging from “very frequently” (1) to “never” (5). The range of
ratings was 1 to 3, with 2 being the median. Consistent with this, the majority of the
participants (88.5%) regarded the design of green spaces in their living environment as
being “important” or “rather important”. Ratings were made on a 4-point Likert scale,
ranging from “important” (1) to “unimportant” (4). The range of ratings was 1 to 3, with
2 being the median.
All subjects participated voluntarily and consented to use of data which were collected
anonymously. The motivation for participation was enhanced by the opportunity to
participate in a lottery of shopping vouchers.
4.2.2 Procedure
Data were collected from June to November 2013. Using LimeSurvey software (LimeSur-
vey Project Team/Carsten Schmitz, 2012), an online survey was developed running in
standard web browsers. The survey was resided on a TU Dresden server. The questions
were answered online at the participants’ personal computers. Five images of trees were
presented to each participant. The tree images were a randomly selected subset of ﬁve
out of the 24 trees used in study 1, described in Chapter 3. The subjects were asked to
rate each tree on eight bipolar adjective scales of the semantic diﬀerential (Osgood et al.,
1957). The four bipolar adjective scales selected to represent the evaluation dimension
were pleasant/unpleasant, ugly/beautiful, happy/sad, and clear/hazy. Those selected to
represent the potency dimension were soft/hard, powerful/weak, light/heavy, and rugged/
delicate. In order to avoid a tendency towards the mean and to receive clearer distinc-
tions, a six-point scale (without “0”) was used for tree ratings. The left adjective of each
of the above mentioned pair was scored -3 and the right adjective of each pair was scored
+3. The detailed instructions for study participants are illustrated in Appendix A.2.1.
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4.2.3 Data analysis
Spearman’s rank correlation analyses were conducted with the three perceptual tree
parameters crown height to width ratio, two-dimensional crown size to trunk height
ratio, and crown density, which were identiﬁed in study 1, and the medians of each of
the bipolar adjective scale ratings as well as the overall medians of both the evaluation
and potency dimension. Conifers were excluded from the analyses, as the perceptual
tree parameters only apply to deciduous trees. In order to meet the conditions of a
Spearman’s rank correlation analysis, the interval scaled values of the perceptual tree
parameters (see Appendix Table B.9) were transformed into an integer ranking sequence
ranging from 1 to 20 (crown height to crown width ratio) and 1 to 21 (two-dimensional
crown size to trunk height ratio and crown density).
For data analysis, the scale ratings for the adjective pairs pleasant/unpleasant, happy/
sad, clear/hazy, powerful/weak, and rugged/delicate were coded reversely, so that high
values correspond to high values on both the evaluation and potency dimension. For
better understanding, these adjective pairs will be labelled in corresponding order in the
following paragraphs.
The resulting values were transformed into a ranking sequence of positive values ranging
from 1 to 6. Afterwards, for each tree the medians of the adjective scale ratings and
the overall medians for both the evaluation and potency dimension were calculated (see
Tables 4.1 and 4.2). Additionally, the respective medians were calculated for the data of
the male and female subsample separately (see Appendix Tables B.11, B.12, B.13, and
B.14) to be correlated with the three perceptual tree parameters. SPSS (IBM Corp.,
2013, version 21.0) was used for data analyses.
4.3 Results
Spearman’s rank correlation analyses revealed positive correlation coeﬃcients of medium
eﬀect size for the two-dimensional crown size to trunk height ratio and both the unpleas-
ant/pleasant scale ratings (r = .569, p < .01) and the ugly/beautiful scale ratings (r =
.445, p < .05). None of the adjective scale ratings representing the potency dimension
was correlated with the two-dimensional crown size to trunk height ratio.
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Spearman’s rank correlation analyses revealed that none of the adjective scale ratings
representing the evaluation dimension was correlated with crown density. However, al-
though not signiﬁcant, the Spearman’s rank correlation coeﬃcients of crown density and
the ugly/beautiful scale ratings and the overall medians of the evaluation dimension
were of medium eﬀect size (r = .424, p = .056 and r = .413, p = .063, respectively).
Spearman’s rank correlation analyses revealed positive correlation coeﬃcients of medium
eﬀect size for crown density and both the light/heavy scale ratings (r = .505, p < .05)
and the delicate/rugged scale ratings (r = .436, p < .05). Both of the latter represent
the potency dimension of semantic meaning.
Furthermore, Spearman’s rank correlation analyses revealed that crown height to width
ratio was neither correlated with adjective scale ratings representing the evaluation di-
mension nor with adjective scale ratings representing the potency dimension. The cor-
relation matrices of the perceptual tree parameters and the adjective scale ratings are
depicted in Tables 4.3 and 4.4.
Except for the unpleasant/pleasant, ugly/beautiful, and hazy/clear scale ratings, the
male and female subsample’ s data were similar to each other: The female subsample’s
sad/happy, soft/hard, weak/powerful, light/heavy, delicate/rugged scale ratings and each
dimension’s overall medians were positively correlated with the corresponding values of
the male subsample (.457 ≤ r ≤ .725, Spearman’s rank correlation coeﬃcients, see the
correlation matrices depicted in Appendix Tables B.15 and B.16).
Spearman’s rank correlation analyses of the perceptual tree parameters and the female
subsample’s adjective scale ratings revealed positive correlation coeﬃcients of medium
eﬀect size for the crown height to width ratio and the weak/powerful scale ratings (r
= .434, p < .05), for the crown size to trunk height ratio and the unpleasant/pleasant
and ugly/beautiful scale ratings (r = .529, p < .05, r = .456, p < .05, respectively),
and for the crown density and the ugly/beautiful and the light/heavy scale ratings (r =
.491, p < .05, r = .557, p < .01, respectively). Furthermore, the crown size to trunk
height ratio was negatively correlated to the soft/hard scale ratings (r = -.474, p < .05).
The correlation matrices of the perceptual tree parameters and the female subsample’s
adjective scale ratings are depicted in Appendix Tables B.19 and B.20.
In summary, both the unpleasant/pleasant and the ugly/beautiful scale ratings of the
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female subsample and the corresponding ones of the entire sample were positively corre-
lated with crown size to trunk height ratio. However, in contrast to the entire sample’s
delicate/rugged scale ratings, the corresponding ones of the female subsample were not
correlated with crown density. Furthermore, in contrast to the entire sample’s weak/
powerful scale ratings, the corresponding ones of the female subsample were positively
correlated with crown height to width ratio. Similarly, in contrast to the entire sample’s
soft/hard scale ratings, the corresponding ones of the female subsample were negatively
correlated with crown size to to trunk height ratio. Finally, in contrast to the entire
sample’s ugly/beautiful scale ratings, the corresponding ones of the female subsample
were positively correlated with crown density.
Spearman’s rank correlation analyses of the perceptual tree parameters and the male
subsample’s adjective scale ratings revealed positive correlation coeﬃcients of medium
eﬀect size for the crown size to trunk height ratio and the weak/powerful scale ratings (r
= .597, p < .01) and for the crown density and the soft/hard, and weak/powerful, light/
heavy scale ratings (r = .449, p < .05, r = .449, p < .05, r = .473, p < .05, respectively).
Furthermore, crown density was positively correlated with the male subsample’s overall
medians of the scale ratings representing the potency dimension (r = .512, p < .05).
The correlation matrices of the perceptual tree parameters and the male subsample’s
adjective scale ratings are depicted in Appendix Tables B.17 and B.18.
In summary, both the light/heavy scale ratings of the male subsample and the corre-
sponding ones of the entire sample were positively correlated with crown density. How-
ever, in contrast to the entire sample’s delicate/rugged scale ratings, the corresponding
ones of the male subsample were not correlated with crown density. Similarly, in contrast
to the entire sample’s unpleasant/pleasant scale ratings and the ugly/beautiful scale rat-
ings, the corresponding ones of the male subsample were not correlated with the crown
size to trunk height ratio. Furthermore, in contrast to the entire sample’s weak/powerful
scale ratings, the corresponding ones of the male subsample were positively correlated
with crown size to trunk height ratio. Likewise, in contrast to the entire sample’s soft/
hard and weak/powerful scale ratings, the corresponding ones of the male subsample
were positively correlated with crown density. Finally, in contrast to the entire sample’s
overall medians of the scales representing the potency dimension, the corresponding ones
of the male subsample were positively correlated with crown density.
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Among the associations found between the perceptual tree parameters and the entire
sample’s adjective scale ratings, the positive correlation between crown density and the
light/heavy scale ratings was the only one which was found for both the female and male
subsample separately. In contrast to the female subsample, for the male subsample only
potency scale ratings were correlated with tree parameters.
4.4 Discussion
German inhabitants used bipolar adjective scales of the semantic diﬀerential’s evaluation
and potency dimension to rate the appearance of single trees. Spearman’s rank corre-
lation analyses of these ratings’ medians and the perceptual tree parameters identiﬁed
in study 1 (see Chapter 3) revealed that the higher the two-dimensional crown size to
trunk height ratio of a deciduous tree, the more pleasant and the more beautiful it is
perceived. Furthermore, the higher the crown density of a deciduous tree, the heavier
and the more rugged it is perceived. The crown height to width ratio of deciduous trees
neither showed a signiﬁcant correlation with adjective scale ratings representing the eval-
uation dimension nor with adjective scale ratings representing the potency dimension.
The ﬁnding that the two-dimensional crown size to trunk height ratio is positively related
to unpleasant/pleasant and ugly/beautiful ratings is consistent with the ﬁnding that
people have a preference for trees that have large canopies and short trunks (Sommer
& Summit, 1995; Summit & Sommer, 1999). These previous ﬁndings were explained by
Orians’ (2001) savannah hypothesis: A large crown size relative to trunk height may
indicate the African savannah’s fertile habitats which are favoured by humans. The
presented ﬁndings add to the literature that trees that have a large two-dimensional
crown size to trunk height ratio can also be described as being pleasant and beautiful.
The ﬁnding that crown density is not related to the semantic diﬀerential’s evaluation
scales is inconsistent with the ﬁnding that the most attractive trees are the most densely
leafed (Lohr & Pearson-Mims, 2006; Nelson et al., 2001). However, crown density being
positively related to light/heavy and delicate/rugged scale ratings adds to the literature
that trees that have dense crowns may not only be described as being closed or complete,
but also as heavy and rugged.
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The ﬁnding that crown height to crown width ratio is not related to any of the adjective
scales is inconsistent with research that found a preference for trees that have broad
canopies (Lohr & Pearson-Mims, 2006; Sommer, 1997; Sommer & Summit, 1996). An
explanation for this may be that the range of crown height to crown width ratios of trees
used in the presented studies was smaller than that of trees used in previous research.
The small diﬀerences in male and female perceptions of the tree parameters support
previous research that found gender diﬀerences in landscape preference (e.g., Fischer &
Shrout, 2006; Juutinen et al., 2016; Kemperman & Timmermans, 2006; Tyrväinen et al.,
2003; Virden & Walker, 1999). Diﬀerences in socialisation may explain that for the male
subsample only potency scale ratings were correlated with tree parameters.
4.4.1 Implications for green space planning
The knowledge on perceptual tree parameters’ semantic meaning enables to consider
people’s perceptions of trees in urban tree selection. For example, if it is a landscape
planner’s aim to plant a tree that is perceived as pleasant, a tree that has a high two-
dimensional crown size to trunk height ratio should be selected (as exempliﬁed by the
English Oak), whereas if it is his or her aim to plant a tree that is perceived as heavy,
a tree that has a high crown density should be selected (as exempliﬁed by the Horse
Chestnut). Finally, if it is a landscape planner’s aim to plant a tree that is perceived
as both pleasant and heavy, a tree that has a high two-dimensional crown size to trunk
height ratio and a high crown density should be selected (as exempliﬁed by the Common
Ash or Hornbeam). However, regarding the selection of trees that have dense crowns,
potential disadvantages, such as a decreased accessibility, visual penetration through a
stand, and perceived safety (see Subsection 5.4.2), should be considered.
Furthermore, the presented results may facilitate the communication between experts
and lay people. As described in Subsection 2.8.3, experts use a diﬀerent language and
diﬀerent concepts when talking and thinking about their ﬁeld of expertise than lay people
do. This can result in experts’ failure to understand and satisfy lay people’s wishes and
needs. In a participatory landscape planning process, lay people may describe a tree as
beautiful and rugged. The presented results would allow landscape planners to translate
this description into objectively measurable tree parameters.
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4.4.2 Limitations and links for future research
The limitations regarding external validity and its consequences that concern study 1,
described in Subsection 3.4.3, also concern this study. Furthermore, no correlations found
between any of the three perceptual tree parameters and the evaluation scales hazy/clear
and sad/happy and the potency scale weak/powerful may indicate that these adjectives
are insuﬃcient to capture the tree parameters’ semantic meaning. Thus, future research
could use a qualitative study design instead of using rating scales. In addition to that,
as early experience (Sommer, 1997; Sommer & Summit, 1996) and climate conditions
(Camacho-Cervantes et al., 2014; Schroeder et al., 2006) aﬀect tree perception and pref-
erence (see Subsection 2.4.4), future research could investigate the eﬀects of participants’
cultural and geographical backgrounds on perceptual tree parameters’ semantic meaning.
Potential eﬀects could be caused by diﬀerences in conceptual representations of trees.
4.5 Summary
Trees in urban areas deliver measurable beneﬁts to city dwellers. In the face of rapid
urbanisation, urban landscape design that considers residents’ needs is becoming increas-
ingly important. However, experts do not always know how trees in urban green spaces
are perceived by the public. In order to ﬁll this knowledge gap, an online tree rating
study with 122 German inhabitants was conducted. Each participant evaluated a ran-
domly selected subset of ﬁve tree images out of 24 on eight bipolar adjective scales of
the semantic diﬀerential. Four of the scales represented the evaluation dimension and
four represented the potency dimension. Spearman’s rank correlation analyses of these
ratings and the perceptual tree parameters identiﬁed in study 1, described in Chapter 3,
revealed that the greater the two-dimensional crown size to trunk height ratio, the more
pleasant and beautiful a tree is perceived (both adjectives represent the evaluation di-
mension). This is consistent with the savannah hypothesis which postulates that humans
have a preference for trees with broad canopies and trunks that bifurcate close to the
ground, as they are present in the African savannah’s fertile habitats (Orians, 2001). Fur-
thermore, it was found that the denser a crown, the heavier and the more rugged a tree
is perceived (both adjectives represent the potency dimension). The knowledge on the
association of perceptual tree parameters and semantic meaning enables a diﬀerentiated
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urban tree selection with regard to trees’ eﬀects on human perceptions. Furthermore,
the results may facilitate expert-lay communication in participatory landscape planning
processes and aid experts with understanding and satisfying residents’ wishes. Thus, if
applied in participatory landscape planning, the results may contribute to user-centred
urban green space design and increase residential satisfaction.
Chapter 5
Tree preference prediction by
perceptual tree parameters
5.1 Introduction and objectives
Trees deliver beneﬁts to urban environmental quality and residential well-being (see
Sections 2.1 and 2.4).
Research investigating the eﬀects of tree shapes on preference has consistently
shown that trees that have broad canopies, including spreading and globular
canopies, are preferred over those that are narrow (Lohr & Pearson-Mims,
2006; Sommer, 1997; Sommer & Summit, 1996). Furthermore, people have a
preference for trees with large canopies and short trunks (Sommer & Summit,
1995; Summit & Sommer, 1999). Thus, preferred canopy size is positively re-
lated to trunk thickness but not to trunk height (Sommer & Summit, 1995).
These ﬁndings are consistent with Orians’ savannah hypothesis (Heerwagen
& Orians, 1993; Orians, 1980, 1986, 2001) which implicates that humans have
a preference for landscape features and tree shapes that are characteristic of
African savannahs. Trees that are typical in the African savannahs’ fertile
habitats have broad canopies, trunks that bifurcate close to the ground, and
layered canopies (Orians, 2001). Nelson et al. (2001) applied the Gestalt
grouping principle of closure to predict tree’s attractiveness. According to
81
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the principles of Gestalt psychology, our visual system favours seeing closed
or complete forms (Schiﬀman, 2001). It was conﬁrmed that trees that have
the most complete canopies are the most attractive (Nelson et al., 2001).
Similarly, trees with dense canopies are preferred more frequently than trees
that have open canopies (Lohr & Pearson-Mims, 2006). All of the previously
mentioned studies presented trees that varied in characteristics that were se-
lected by researchers. To hold other attributes constant, the researchers used
stimulus material that was mainly black and white and consisted of drawings,
computer-generated drawings or photo compositions. The presented images
were generic tree shapes (e.g., Nelson et al., 2001; Sommer & Summit, 1995),
species varying in tree shape (e.g., Lohr & Pearson-Mims, 2006) or both (e.g.,
Sommer, 1997; Sommer & Summit, 1996; Summit & Sommer, 1999). This
increase in internal validity comes at the price of decreased external validity,
i.e., less realistic-looking images. (Gerstenberg & Hofmann, 2016, p. 104)
With the aim to provide more precise and more reliable knowledge on tree preference,
the study presented in this Chapter applies the perceptual tree parameters identiﬁed in
study 1, described in Chapter 3, to explain tree preference. Therefore, realistic-looking
colour tree images are used to be evaluated by study participants. If applied in urban
landscape planning, the ﬁndings may contribute to residential satisfaction.
5.2 Methods
5.2.1 Participants
Participants (n = 176) were recruited from the general public via bulletins
in public buildings and online advertisements. The sample’s mean age was
27.6 years (Mdn = 25, range = 18 – 57, SD = 7.9), and 50% were female.
(Gerstenberg & Hofmann, 2016, p. 107)
Thus, the sample’s mean age was lower than that of the German population, whereas
the sample’s gender distribution is nearly equivalent to that of the German population
(see Subsection 3.2.2).
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[Similar to] the ﬁrst study, the majority of participants (96.9%) were residents
of Dresden. Among the participants, 84.1% had a general qualiﬁcation for
university entrance, 14.2% had a tenth-grade school-leaving certiﬁcate, and
1.7% had a ninth-grade school-leaving certiﬁcate. Thus, as in the ﬁrst study,
the school education level of the sample is higher than that of the German
urban population in general and the German urban population between 25
and 30 years of age [see Subsection 3.2.2]. Furthermore, among the partic-
ipants, 35.8% had completed a vocational training, which is less compared
to the German urban population (48.4%; Statistisches Bundesamt, 2015b),
but almost equivalent to the German urban population between 25 and 30
years of age (42%; Statistisches Bundesamt, 2015b). Among the participants,
31.3% had a university degree, which is more compared to the German urban
population in general (22.7%; Statistisches Bundesamt, 2015b), but almost
equivalent to the German urban population between 25 and 30 years of age
(30.5%; Statistisches Bundesamt, 2015b). Almost all participants (97.2%)
stated to not have any professional experience in disciplines related to tree
species selection in urban areas, and thus no eﬀects of expertise are to be
expected. However, 35.8% of the participants stated to spend leisure time
on these disciplines and the majority regarded the design of green spaces in
their living environment as important. Ratings were made on a 100-mm-long
continuous scale, ranging from “very important” to “not at all important”,
the range of ratings was 4 – 100 mm, with 84.2 mm being the mean (Mdn =
88 mm; SD = 16.8). Furthermore, on average, the participants visited green
spaces more frequently than every third day of the year (range = 10.5 – 365;
Mdn = 143). All subjects participated voluntarily[,] consented to use of data
which were collected anonymously[, and received a monetary compensation].
(Gerstenberg & Hofmann, 2016, p. 107)
5.2.2 Procedure
Data were collected in August and September 2014. In a university room,
subjects were asked to spontaneously evaluate how much they liked each of
the 24 trees (the images were identical to those of study 1 [see Figure 3.1])
to be present in their neighbourhood (deﬁned as a radius of 300 m from their
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home). Evaluations were made on a continuous 106 mm-long scale (from
“very little” to “very much”). A maximum of ﬁve subjects participated each
time. (Gerstenberg & Hofmann, 2016, p. 107)
For detailed instructions see Appendix A.3.1.
5.2.3 Data analysis
A multiple linear regression analysis examined the degree to which the iden-
tiﬁed perceptual criteria predicted tree preference. Conifers were excluded
from this analysis because there were only three conifers among the studied
trees, and the preference medians were considerably lower than those of de-
ciduous trees. In the regression analysis, the trees’ preference medians were
the dependent variable and the following variables were predictors:
 the ratio of crown width to crown height,
 the ratio of two-dimensional crown size to trunk height,
 crown density.
Crown density was measured by dividing the number of crown pixels by
the number of background pixels (blue pixels) in the crown [see Appendix
Table B.9]. The numbers of pixels were determined by Adobe Photoshop
software (Adobe Systems Inc., 2014, version 15.2.2). The multiple linear re-
gression analysis applied a backwards stepwise variable selection with the
AIC (Akaike, 1987) as a selection criterion. To test for independence among
the predicting variables, the Durbin–Watson test was conducted. The test
revealed a value of 2.376, which is close to 2, indicating that the predicting
variables are independent (Field, Miles, & Field, 2012). The non-signiﬁcant
p- value of .374 conﬁrms this conclusion (Field et al., 2012). To test for mul-
ticollinearity among the predictors the variance inﬂation factors (VIFs) and
the tolerance statistic were calculated. The VIFs of the predictors ranged
from 1.048 to 1.102 which is well below the problematic value of 10 (Bow-
erman & O’Connell, 1990; Myers, 1990). The average value of 1.081 is not
substantially greater than 1 and thus, the regression may not be biased by
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multicollinearity (Bowerman & O’Connell, 1990). Consistent with this, the
tolerance values ranged from 0.908 to 0.954 which is greater than the prob-
lematic value of 0.2 [(Menard, 2001)], indicating that multicollinearity is not
a major concern for the data. Furthermore, the distribution of standardised
residuals (range = -1.943 to 1.496) and the visual inspection of homoscedasc-
ity indicated that no model assumptions were violated. R statistical software
(R Development Core Team, 2014, version 3.1.2) was used to analyse the
data. Means, standard deviations, and minimum and maximum values of
each tree parameter included in the model are shown in Table [5.1] and the
multiple linear regression analyses are presented in Table [5.2]. (Gerstenberg
& Hofmann, 2016, p. 107)
Table 5.1: Means, standard deviations, and ranges of preference ratings and deciduous
tree parameters included in the regression model (Gerstenberg & Hofmann, 2016).
Tree parameters (n = 21) Mean SD Range
Preference (entire sample) 66.429 7.786 53-80
Preference (male subsample) 63.691 7.466 53-79
Preference (female subsample) 69.571 8.8 51-82
Crown height to width ratio 1.1 0.223 0.76-1.76
Crown size to trunk height ratio 580.447 241.071 266.51-1069.57
Crown density 3.565 1.102 2.09-6.54
5.3 Results
The conifers’ preference medians were the three smallest (28, 45 and [51],
whereby 80 was the highest median for all trees). The overall preference
evaluation median for deciduous trees was 67. The ﬁrst regression model (see
Table [5.2]), which included all predicting variables, showed that deciduous
tree preference was predicted by the two-dimensional crown size to trunk
height ratio ([b = .654], p < .001) and crown density ([b = .422], p < .01),
but not by crown height to crown width ratio ([b = -.067], p > .05; model
ﬁt: R2 = [.735], adj. R2 = [.688], F (3,17) = 15.72, p < .001). The second
regression model (see Table [5.2]), which applied a backwards stepwise vari-
ables selection with the AIC (Akaike, 1987) as selection criterion, excluded
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the crown height to crown width ratio as a predictor and improved the ﬁt
of the model. It predicted deciduous tree preference by the two-dimensional
crown size to the trunk height ratio ([b = .644], p < .001) and crown density
([b = .414], p < .01). Thus, a large two-dimensional crown size compared to
trunk height and a high crown density predicted deciduous tree preference
(R2 = [.731], adj. R2 = [.701], F (2,18) = 24.42, p < .001). The scatterplots
of the relations of each of the predicting variables with preference are shown
in [Figure 5.1]. (Gerstenberg & Hofmann, 2016, pp. 107-108)
Figure 5.1: Scatterplots and regression lines between the medians of preference ratings
of each tree and each of the independent variables (Gerstenberg & Hofmann, 2016,
modified by author). The grey area surrounding the regression line indicates 95%
confidence interval (n = 21).
Table 5.2: Multiple linear regression analyses of tree preference and tree parameters
(Gerstenberg & Hofmann, 2016).
Tree preference
B SE B [b] p
Model 1
Constant 46.124 5.531 ***
Crown height to width ratio -2.351 4.467 -0.067
Crown size to trunk height ratio 0.021 0.004 0.654 ***
Crown density 2.984 0.923 0.422 **
Model 2
Constant 43.928 3.556 ***
Crown size to trunk height ratio 0.021 0.004 0.644 ***
Crown density 2.926 0.898 0.414 **
** p < .01, *** p < .001,
fit of model 1: R2 = [.735], adj. R2 = [.688], F (3,17) = 15.72, p < .001;
fit of model 2: R2 = [.731], adj. R2 = [.701], F (2,18) = 24.42, p < .001.
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The tree preference medians of the entire sample and of the male and female subsamples
separately are depicted in Appendix Table B.21. The male subsample’s tree preference
medians are almost identical with those of the female subsample (r = .932, p < .01,
Pearson’s correlation coeﬃcient, see Appendix Table B.22).
When analysing the male and female participant group separately, the regression models
were nearly identical (see Appendix Tables B.23 and B.24). However, for the male
subsample, crown density to trunk height ratio and crown density are stronger predictors
for deciduous tree preference compared to the female subsample (b = .695, p < .001
compared to b = .555, p < .01 and b = .427, p < .001 compared to b = .352, p < .05,
respectively). Thus, the male subsample’s model ﬁt is better than that of the female
subsample (R2 = .825, adj. R2 = .806, F (2,18) = 42.54, p < .001 compared to R2 =
.537, adj. R2 = .486, F (2,18) = 10.44, p < .001, respectively). The scatterplots of the
relations of each of the predicting variables to each subsample’s deciduous tree preference
are shown in Appendix Figure B.7.
5.4 Discussion
Residents of Dresden, Germany and its surroundings rated how much they liked each of
24 trees to be present in their living environment. “[T]he ratio of the two-dimensional
crown size to trunk height and crown density ... predicted deciduous tree preference: The
larger the ratio of the two-dimensional crown size to the trunk height and the higher the
crown density, the more the tree was preferred” (Gerstenberg & Hofmann, 2016, p. 108).
5.4.1 Perceptual tree parameters’ impact on preference
Conifers were rated lowest in the preference evaluation. This may be because
their shapes are fundamentally diﬀerent than typical tree shapes in the fertile
African savannah habitats, which appear to be the most attractive (Lohr &
Pearson-Mims, 2006; Sommer, 1997; Sommer & Summit, 1995, 1996; Summit
& Sommer, 1999). In this sample, the conifer crowns used were characterised
by a columnar shape. Additionally the conifers’ crowns had densely leafed
branches co-occurring with barely leaved crown parts. Therefore, their crowns
may have been perceived as less closed than the deciduous tree crowns, which
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is a less attractive feature of trees (Nelson et al., 2001). The deciduous tree
preference values were predicted by a high ratio of the two-dimensional crown
size to trunk height and a high crown density. The preference for a large two-
dimensional crown size relative to trunk height is consistent with previous
research (e.g., Sommer & Summit, 1995; Summit & Sommer, 1999) and may
be explained by Orians’ (2001) savannah hypothesis: A large canopy size
compared to trunk height may indicate fertile habitats that are favoured by
humans. The preference for a high crown density is consistent with the results
of Nelson et al. (2001), who found that the most attractive trees are the most
densely leafed. Crowns that have a high density may be perceived as being
more complete. According to Gestalt grouping principles, the human visual
system favours seeing closed or complete forms (Schiﬀman, 2001). Hence, it
should be easier to perceive and understand dense, complete crown shapes,
which, in turn, may increase preference for these crowns. In contrast to
previous research (e.g., Lohr & Pearson-Mims, 2006; Sommer, 1997; Sommer
& Summit, 1996), the crown height to crown width ratio was not related
to tree preference. An explanation for this may be that the range of crown
height to width ratios of the trees used in [the present study] study was
smaller than that of trees used in previously mentioned studies. However, the
crown shape may be a relevant criterion for tree perception, as the second
bifurcation in the dendrogram of the hierarchical cluster analysis [see Figure
3.2 in Subsection 3.3.1] indicated a distinction between globular-shaped and
oval-shaped crowns and the second dimension of the MDS model [see Figure
3.4 in Subsection 3.3.2] also relates to crown shape. Additionally, the shape of
the crown may contribute to the distinction between conifers and deciduous
trees. Tree size, which was found to be positively associated with tree and
forest preference (Camacho-Cervantes et al., 2014; Edwards et al., 2012b),
was not found to be relevant to tree perception and evaluation in this study.
[As in study 1, described in Chapter 3, a] possible explanation may be ...
that the participants did not use the bench placed besides each tree as a
reference object to estimate the tree’s size. (Gerstenberg & Hofmann, 2016,
pp. 108-109)
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The tree parameters that were related to tree preference are metric and thus are more
precise than tree characteristics being related to tree preference in previous studies (e.g.,
Lohr & Pearson-Mims, 2006; Nelson et al., 2001; Sommer, 1997; Sommer & Summit,
1995, 1996; Summit & Sommer, 1999). Furthermore, these parameters are the result of
participants’ tree perceptions described in study 1 in Chapter 3, instead of being selected
according to a speciﬁc theory. Thus, the presented ﬁndings may be more substantiated
compared to the above mentioned research.
The male and female subsamples’ regression models being very similar (see Appendix Ta-
bles B.23 and B.24) is consistent with research that found no gender eﬀects on landscape
preference (e.g., Alberini et al., 2003; Hartig & Staats, 2006; Ho et al., 2005; Korpela et
al., 2002; Schauman & Salisbury, 1998; A. E. van den Berg et al., 1998).
5.4.2 Implications for green space planning
Urban landscape planning has to consider that the selection of trees that have
dense crowns with a simultaneous dense tree placement may come at the price
of accessibility and visual penetration through a stand, which is negatively
associated with tree population preference (Edwards et al., 2012b) and per-
ceived safety (B. Yang et al., 2013). From a pedestrian’s perspective, trees
that have dense crowns may be well suited in front of buildings, as trees
covering buildings decrease a streetscape’s oppressiveness (Asgarzadeh et al.,
2012), an eﬀect which may increase with crown density. On the other hand,
from the perspective of a person viewing out of a window, dense crowns block
the view to higher degree than open crowns. When choosing trees that have
dense crowns to be planted in the city, climate conditions should be consid-
ered. Dense crowns provide more shade than open crowns, which is highly
appreciated in warmer climates (Camacho-Cervantes et al., 2014), but con-
sidered an annoyance in colder, less sunny climates (Schroeder et al., 2006).
A disadvantage of planting trees that have dense crowns in the city may
be that they generate more garbage when they shed their leaves compared
to trees of a similar crown size but with less dense crowns. This increases
management costs and is disliked by the public (Camacho-Cervantes et al.,
2014). However, when asked to mention liked and disliked traits of trees,
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residents more frequently considered attributes such as size, shade provision,
and leaﬁness as ... liked traits than garbage generation as a disliked trait
(Camacho-Cervantes et al., 2014). (Gerstenberg & Hofmann, 2016, p. 109)
Regarding the two-dimensional crown size to trunk height ratio, urban landscape plan-
ning should consider that this parameter does not only predict tree preference. Crown
size is also a key variable in tree’s growth, carbon sequestration, shading, ﬁltering of ﬁne
air particulates, and risk of wind-breaking (Pretzsch et al., 2015).
5.4.3 Limitations and links for future research
The limitations regarding external validity and its consequences that concern studies 1
and 2, described in Subsection 3.4.3, also concern this study.
The ﬁndings that the ratio of two-dimensional crown size to trunk height and
the crown density increase tree preference are based on evaluations of trees in
full foliage as they occur in late spring and summer. Both of the preferred tree
features concern characteristics of the crown, which change with the season.
Thus, the ﬁndings may not apply for tree preference in autumn and winter,
when leaves change their colour and fall. For most deciduous trees, foliage
depends on the season. If they are leaﬂess in late autumn and winter, their
preference over evergreen conifers could disappear or reverse. (Gerstenberg
& Hofmann, 2016, p. 109)
Furthermore, the eﬀects of climatic and soil factors, environmental conditions, competi-
tion, and provenance on species leaf density, branching pattern, growth direction, crown
shape, and tree height (Fraver et al., 2014; Ginau et al., 2013; Jucker et al., 2014; Sæbø et
al., 2005) should be considered when selecting trees that have preferred characteristics.
Finally, future research could investigate diﬀerences in tree preferences related to sociode-
mographic factors (e.g., age, education level, cultural and geographical backgrounds) and
trees being typical or unusual for the studied region.
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5.5 Summary
Urban trees deliver measurable beneﬁts to residential quality of life. However, previous
research on tree perception used stimulus material that mainly consisted of black and
white generic tree shapes which diﬀered in selected characteristics. With the aim at
generating more reliable knowledge on tree preference, the present study used 24 photo-
realistic colour tree images to be evaluated and related the preferences to the perceptual
tree parameters identiﬁed in study 1, described in Chapter 3. In a university room, 176
residents of Dresden rated how much they liked each of the trees to be present in their
neighbourhood. “Multiple linear regression analyses showed that a high two-dimensional
crown size to trunk height ratio and a high crown density predicted deciduous tree pref-
erence” (Gerstenberg & Hofmann, 2016, p. 103). These ﬁndings are consistent with
the savannah hypothesis and the Gestalt grouping principle of closure. Compared to
results of previous research, the presented ﬁndings are based on more realistic-looking
trees and more precise. Urban landscape planning can apply these ﬁndings for increasing
residential well-being.

Chapter 6
Effects of tree characteristics’
diversity on fascination and
coherence
6.1 Introduction and objectives
Environments that provide both a variety of informational activities to be carried out
(fascination) and repeated elements and uniformity of texture (the coherence aspect of
extent) increase psychological restoration (Kaplan & Kaplan, 1989). In urban green
space design, fascination may be increased by plant species richness. Consistent with
this assumption, it was found that species richness positively aﬀects aesthetic apprecia-
tion (Jo & Ahn, 2012; Lindemann-Matthies et al., 2010; A. E. van den Berg et al., 1998),
psychological well-being (Fuller et al., 2007), and urban green space visits (Bonnes et
al., 2007). However, plant species richness may come at the price of perceived coher-
ence, as it limits the number of repeated elements and uniformity of texture. For urban
green spaces, an opportunity to provide both fascination and coherence may be to select
various, similar-looking tree species (a medium degree of tree characteristics’ diversity).
In order to test whether urban green spaces covered with similar-looking tree species si-
multaneously evoke a greater fascination and a similar perceived coherence compared to
urban green spaces covered with a single tree species, the present study was conducted.
A conﬁrmation of these assumptions would be consistent with the attention restoration
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theory (Kaplan & Kaplan, 1989) and may provide an approach to meet both restora-
tiveness components. Furthermore, establishing various, similar-looking tree species in
cities may also beneﬁt ecosystem health, as species richness is an important factor in
increasing the resilience of species to pests and diseases (Elmqvist et al., 2003; Niemelä
et al., 2010; Pauleit et al., 2002; Sjöman, Östberg, & Bühler, 2012).
6.2 Methods
6.2.1 Stimulus material
Ten photorealistic colour urban green space images (see Figure 6.1) were rendered using
Xfrog plant models (Xfrog Inc., 2006) and Terragen 2 software (Planetside Software,
2009, version 2.4). They were developed on 50 × 75 cm photographic paper and each
image was prepared with one of ten black letter stickers bottom left as identiﬁcation code.
The depicted tree species were identical to those used in studies 1, 2, and 3, described in
Chapters 3, 4, and 5. They all were of adult age and can be found in temperate climates.
Shrubs, trees relevant to fruit production, and trees with non-green leaves were excluded.
The background was held constant for each image and depicted houses to illustrate the
urban location. All of the green spaces were shown from the same altitude and angle.
The illumination angle and illumination intensity were also held constant.
Viewing each column of Figure 6.1 from top to bottom, the left column depicts urban
green spaces covered with Broad Leafed Linden, English Oak, Littleleaf Linden, Scotch
Pine, and Silver Birch; the right column depicts urban green spaces covered with trees
that have a globular-shaped crown and a long trunk (Broad Leafed Linden, European
Mountain Ash, Field Maple, Medlar, Silver Linden), trees that have a globular-shaped
crown and a short trunk (English Oak, European Hackberry, Italian Maple, Montpellier
Maple, Pecan, White Willow), trees that have an oval-shaped, dense crown (Common
Ash, European Beech, Hornbeam, Horse Chestnut, Littleleaf Linden, Oriental Planetree),
coniferous tree species (Austrian Pine, Scotch Pine, Serbian Spruce), and trees that have
an oval-shaped, open crown (Black Alder, Shagbark Hickory, Silver Birch, White Poplar).
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Figure 6.1: Urban green space images used in study 4. Urban green spaces covered
with a single tree species are depicted on the left and those covered with various, similar-
looking tree species (see tree clusters identified in study 1, Chapter 3) are depicted on
the right. For tree species’ names, see the text.
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6.2.2 Participants
Participants (n = 110) were recruited from the general public via bulletins in public
buildings and online advertisements. The sample’s mean age was 28.71 years (Mdn =
25.5, range = 18 - 62, SD = 8.98), and 56.4% were female. Thus, the sample’s mean
age was lower than that of the German population (44.3 years; Statistisches Bundesamt,
2015a) and the percentage of female participants was slightly higher than the percentage
of women among the German population (51% Statistisches Bundesamt, 2015c).
The majority of the participants (98.2%) were residents of Dresden and its surroundings.
Among the participants, 86.4% had a general qualiﬁcation for university entrance, 10.9%
had a tenth-grade school-leaving certiﬁcate, and 2.7% had a ninth-grade school-leaving
certiﬁcate. Thus, the school education level of the sample is higher than that of the
German urban population in general and the German urban population between 25 and
30 years of age (see Subsection 3.2.2). Among the participants, 40% had completed a
vocational training, which is slightly less compared to the German urban population in
general (48.4%; Statistisches Bundesamt, 2015b), but almost equivalent to the German
urban population between 25 and 30 years of age (42%; Statistisches Bundesamt, 2015b).
Furthermore, among the participants, 36.4% had a university degree, which is more
compared to the German urban population in general (22.7%; Statistisches Bundesamt,
2015b), but similar to the German urban population between 25 and 30 years of age
(30.5%; Statistisches Bundesamt, 2015b).
With regard to expertise in urban landscape design, the majority of the participants
(97.3%) stated to not have any professional experience in disciplines related to tree se-
lection in urban areas, such as landscape planning, landscape architecture, forest science,
nature and landscape maintenance, or landscaping and horticulture. Only 2.7% of the
participants stated to have at least 1.5 years of work experience in at least one of the
above mentioned disciplines. Thus, like in the previous studies 1, 2, and 3, described in
Chapters 3, 4, and 5, the sample mainly consisted of lay people with regard to disciplines
related to urban landscape design. However, among the participants, 35.5% stated to
spend leisure time on these disciplines. When asked how important they regard the
manner of urban green space design in their living environments (300 m radius) on a 100
mm-long continuous scale (from “unimportant” to “very important”), the participants’
mean rating was 84.83 (Mdn = 88, range = 35 - 100, SD = 14.13). On average, the
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participants visited green spaces more frequently than every third day of the year (range
= 6 - 365; Mdn = 143.5). Furthermore, among the participants, 19.1% stated to use
a garden. All subjects participated voluntarily, consented to use of data which were
collected anonymously, and received a monetary compensation.
6.2.3 Procedure
Data were collected in August and September 2014. In a university room, ﬁve card-
board polling booths were positioned on ﬁve tables. Thus, a maximum of ﬁve subjects
participated each time and each of them was randomly assigned to one of the polling
booths. In each of the latter, one of the ten urban green space images was placed behind
a blank white paper which covered the image while participants answered sociodemo-
graphic questions.
After uncovering the image, each participant was instructed to view the urban green
space for one minute, to imagine being there and to evaluate its perceived fascination
and coherence using the respective subscales of the perceived restorativeness scale (PRS;
Hartig, Kaiser, & Bowler, 1997). The latter is an instrument constructed to measure
qualities of restorative person-environment transactions (Hartig, Kaiser, & Bowler, 1997).
It consists of four subscales which are consistent with the attention restoration theory
(Kaplan & Kaplan, 1989). However, the content of the intended extent items rather
refers to the coherence aspect of extent, which provides a sense of order and helps in
directing attention (Kaplan & Kaplan, 1989), than to the whole meaning of the extent
component. Therefore, in the PRS (Hartig, Kaiser, & Bowler, 1997), the intended extent
subscale is referred to as coherence subscale. Item ratings were made on 7-point Likert
scales ranging from “does not apply at all” (1) to “applies completely” (7). The original
English items of the PRS were translated into German and retranslated into English by
two student associates. The retranslated items that were not equivalent to the original
English items were appropriately adjusted. The German PRS items used are listed in
Appendix A.4.1.
After the urban green space evaluation, participants were asked to rate the urban green
space’s plant species diversity on a 100 mm-long continuous scale (from “very low” to “very
high”). Participants viewing similar-looking tree species in urban green spaces perceived
a higher plant species diversity (M = 45.9, SE = 2.946) than participants viewing a
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single tree species in urban green spaces (M = 30.72, SE = 2.75), t = -3.755, p < .001.
In order to test the assumptions of the t-test that the dependent variable is normal
distributed and that variances in the subsamples are roughly equal (homogeneity of
variance), Kolmogorov-Smirnov tests and the Levene’s test were conducted. Kolmogorov-
Smirnov tests revealed that perceived plant species diversity of participants viewing a
single tree species in urban green spaces, D(46) = 0.168, p = .148, and of participants
viewing similar-looking tree species in urban green spaces, D(49) = 0.143, p = .268, did
not deviate signiﬁcantly from normal distribution. Furthermore, Levene’s test revealed
that variances in perceived plant species diversity were equal for participants viewing a
single tree species in urban green spaces and participants viewing similar-looking tree
species in urban green space, F (1, 93) = 1.441, p = .233.
After rating the urban green spaces’ plant species diversity, participants were asked to
rate how well they succeeded in evaluating the urban green space on a 100 mm-long
continuous scale (from “very badly” to “very good”). The mean rating was 61.97 (Mdn
= 64.5, range = 10 - 100, SD = 20.013). Finally, the participants were asked to note the
letter depicted bottom left of the image. The detailed instructions for study participants
are illustrated in Appendix A.4.1.
6.2.4 Data analysis
Perceived fascination and coherence ratings of participants viewing a single tree species
in urban green spaces (coded as 0) were compared with those of participants viewing
similar-looking tree species in urban green spaces (coded as 1) using Mann-Whitney U-
tests. In order to form composite scores (Hartig, Korpela, Evans, & Gärling, 1997) for
each of the two restorativeness components per urban green space type, the participants’
ratings were used to calculate the medians for each dimension and setting. The medians
and ranges of perceived fascination and coherence for urban green spaces covered with
a single tree species and those covered with similar-looking tree species are depicted
in Table 6.1. The respective values for the male and female subsample separately are
depicted in Appendix Tables B.25 and B.26. SPSS (IBM Corp., 2013, version 21.0) was
used for data analyses.
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Table 6.1: Medians and ranges of perceived fascination and coherence for urban
green spaces covered with a single tree species and those covered with similar-looking
tree species.
Urban green space type
a single
tree species
similar-looking
tree species
(n = 56) (n = 54)
PRS
scale
Item Mdn range Mdn range
Fasci-
nation
1. This place has fascinating quali-
ties.
4 1 - 7 4 1 - 7
2. My attention is drawn to many
interesting things.
3.5 2 - 7 4 2 - 6
3. I want to get to know this place
better.
5 1 - 7 5 1 - 7
4. There is much to explore and dis-
cover here.
4 1 - 6 3 2 - 6
5. I want to spend more time looking
at the surroundings.
4 1 - 7 5 1 - 7
6. This place is boring. 5 2 - 7 5 2 - 7
7. The setting is fascinating. 4 1 - 7 3 1 - 7
8. There is nothing worth looking at
here.
6.5 3 - 7 6 2 - 7
overall 4.5 2 - 7 4.25 2 - 7
Cohe-
rence
9. There is too much going on. 6 2 - 7 6 2 - 7
10. It is a confusing place. 6 2 - 7 6 2 - 7
11. There is a great deal of distrac-
tion.
5 1 - 7 6 1 - 7
12. It is chaotic here. 6 3 - 7 6 3 - 7
overall 6 2.5 - 7 6 3 - 7
High values correspond to high agreement and vice versa, except for the negatively
formulated items 6 and 8 to 12. For them, high values correspond to high disagreement.
6.3 Results
Perceived fascination and coherence of participants viewing similar-looking tree species
in urban green spaces (Mdn = 4.25 and 6, respectively) did not diﬀer signiﬁcantly from
participants viewing a single tree species in urban green spaces (Mdn = 4.5 and 6,
respectively), U = 1482.5, z = -0.178, p = .858; U = 1454.5, z = -0.354, p = .724, re-
spectively. Furthermore, no diﬀerences in single item ratings between the two participant
groups were found.
Testing for gender diﬀerences revealed that perceived fascination and coherence of male
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Table 6.2: Effects of tree characteristics’ diversity on perceived fascination and co-
herence.
Test statistics (n = 110)
PRS
scale
Item U z p (2-
sided)
Fasci-
nation
1. This place has fascinating quali-
ties.
1478 -0.207 .836
2. My attention is drawn to many
interesting things.
1451 -0.206 .836
3. I want to get to know this place
better.
1296.5 -1.021 .307
4. There is much to explore and dis-
cover here.
1442 -0.263 .793
5. I want to spend more time looking
at the surroundings.
1502.5 -0.058 .954
6. This place is boring. 1289 -0.906 .365
7. The setting is fascinating. 1305 -1.117 .264
8. There is nothing worth looking at
here.
1279.5 -1.488 .137
overall 1482.5 -0.178 .858
Cohe-
rence
9. There is too much going on. 1426.5 -0.538 .59
10. It is a confusing place. 1435.5 -0.311 .755
11. There is a great deal of distrac-
tion.
1305 -1.129 .259
12. It is chaotic here. 1363 -0.456 .649
overall 1454.5 -0.354 .724
participants viewing a single tree species in urban green spaces (Mdn = 4.75 and 6,
respectively) did not diﬀer signiﬁcantly from female participants viewing a single tree
species in urban green spaces (Mdn = 4.25 and 6, respectively), U = 285, z = -1.511, p =
.131; U = 266, z = -1.866, p = .062, respectively. Furthermore, perceived fascination and
coherence of male participants viewing similar-looking tree species in urban green spaces
(Mdn = 4.5 and 6, respectively) did not diﬀer signiﬁcantly from female participants
viewing similar-looking tree species in urban green spaces (Mdn = 4 and 6, respectively),
U = 315, z = -0.86, p = .39; U = 276.5, z = -1.56, p = .119, respectively. However,
female participants viewing similar-looking tree species in urban green spaces (Mdn =
6) more strongly disagreed to item 16 (“There is a great deal of distraction”) than male
participants viewing similar-looking tree species in urban green spaces (Mdn = 5), U =
237, z = -2.263, p < .05. Gender diﬀerences in perceived fascination and coherence per
urban green space type are depicted in Appendix Tables B.27 and B.28.
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Conducting the analyses for the male and female subsample’s data separately revealed
that perceived fascination and coherence of male participants viewing similar-looking tree
species in urban green spaces (Mdn = 4.5 and 6, respectively) did not diﬀer signiﬁcantly
from male participants viewing a single tree species in urban green spaces (Mdn = 4.75
and 6, respectively), U = 252, z = -0.712, p = .477; U = 264.5, z = -0.455, p = .649,
respectively. Perceived fascination and coherence of female participants viewing similar-
looking tree species in urban green spaces (Mdn = 4 and 6, respectively) did not diﬀer
signiﬁcantly from female participants viewing a single tree species in urban green spaces
(Mdn = 4.25 and 6, respectively), U = 467.5, z = -0.122, p = .903; U = 452.5, z =
-0.346, p = .73, respectively. However, female participants viewing similar-looking tree
species in urban green spaces (Mdn = 6) more strongly disagreed to item 16 (“There
is a great deal of distraction”) than female participants viewing a single tree species in
urban green spaces (Mdn = 5), U = 333.5, z = -2.101, p < .05. Diﬀerences in perceived
fascination and coherence between viewing similar-looking tree species and viewing a
single tree species in urban green spaces per subsample are depicted in Appendix Tables
B.29 and B.30.
6.4 Discussion
Residents of Dresden and its surroundings evaluated perceived fascination and coherence
of urban green spaces that were either covered with a single tree species or with various,
similar-looking tree species. Not ﬁnding a higher perceived fascination for participants
viewing similar-looking tree species in urban green spaces compared to participants view-
ing a single tree species in urban green spaces indicates that this kind of diﬀerence in
stimulus diversity is insuﬃcient to positively aﬀect this restorativeness component. This
is consistent with Edwards et al. (2012b) who did not ﬁnd an eﬀect of the number of
tree species within a stand on a forest’s recreational value. A possible explanation could
be that a higher degree of stimulus diversity is needed to positively aﬀect the variety of
informational activities to be carried out. Not ﬁnding diﬀerences in perceived coherence
between viewing similar-looking tree species in urban green spaces and viewing a single
tree species in urban green spaces indicates that both green space types provide a similar
number of repeated elements and a similar degree of texture uniformity. This suggests
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that this kind of species diversity can be implemented without negatively aﬀecting this
restorativeness component.
Neither ﬁnding gender diﬀerences in perceived fascination and coherence for participants
viewing a single tree species in urban green spaces, nor for participants viewing similar-
looking tree species in urban green spaces is consistent with research that did not ﬁnd
gender diﬀerences in landscape preference (e.g., Alberini et al., 2003; Hartig & Staats,
2006; Ho et al., 2005; Korpela et al., 2002; Schauman & Salisbury, 1998; A. E. van den
Berg et al., 1998). For each, the male and female subsample’s data, no diﬀerences in
overall perceived fascination and coherence were found between participants viewing
similar-looking tree species in urban green spaces and those viewing a single tree species
in urban green spaces. This is consistent with the results of the analyses conducted with
the entire sample’s data. Finally, the result that participants viewing similar-looking tree
species in urban green spaces perceived a higher plant species diversity than participants
viewing a single tree species in urban green spaces (see Subsection 6.2.3) is consistent
with the ﬁnding that lay people have good biodiversity identiﬁcation skills (e.g., Fuller
et al., 2007; Lindemann-Matthies et al., 2010).
The limitations regarding external validity and its consequences that concern studies 1, 2,
and 3, described in Subsection 3.4.3, also concern this study. Furthermore, eﬀects of tree
characteristics’ diversity on the restorativeness components fascination and coherence
were investigated using self-assessments. This does not allow for drawing conclusions
on this green space variable’s impact on objective restoration indicators. In order to ﬁll
this knowledge gap, future research could investigate the eﬀects of tree characteristics’
diversity on physiological and cognitive restoration (measured by heart rate, blood pres-
sure, and attention test performance, respectively). However, against the background of
subjective well-being and objective health being closely related (Diener & Chan, 2011),
eﬀects of tree characteristics’ diversity on objective restoration indicators may be similar
to the eﬀects of tree characteristics’ diversity on perceived restorativeness. Furthermore,
future research could investigate the eﬀects of a greater tree characteristics’ diversity
on perceived fascination and coherence. In addition to that, little is known about the
eﬀects of other green space characteristics, such as variation in a) tree size within a
stand, b) tree spacing within a stand (Edwards et al., 2012b), c) management regimes,
d) understorey, and e) tree age within a stand, on restorativeness. Findings of these in-
vestigations could provide an approach to increase restorativeness of urban green spaces.
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Finally, future research could investigate the eﬀects of tree characteristics’ diversity on
perceived fascination and coherence related to participants’ cultural and geographical
backgrounds, as early experience (Sommer, 1997; Sommer & Summit, 1996) and climate
conditions (Camacho-Cervantes et al., 2014; Schroeder et al., 2006) aﬀect tree perception
and preference (see Subsection 2.4.4).
6.5 Summary
Urban nature positively aﬀects psychological restoration. Species rich urban nature is
beneﬁcial for both ecosystem health and psychological well-being. The latter may be
explained by species richness increasing perceived fascination. However, species richness
may impair the restoration component coherence, as it reduces the number of repeated
elements and uniformity of texture. An approach to simultaneously provide fascination
and coherence may be to establish various, similar-looking tree species (a medium de-
gree of tree characteristics’ diversity) in urban green spaces. With the aim to test this
hypothesis, a laboratory study was conducted. Participants from the city of Dresden
and periphery (n = 110) evaluated fascination and coherence of computer-generated ur-
ban green space images. Each participant was randomly assigned to evaluate one out of
ten images. Five images showed urban green spaces covered with a single tree species
and ﬁve images showed urban green spaces covered with various, similar-looking tree
species. Mann-Whitney U-tests revealed no diﬀerences in perceived fascination and co-
herence between the two participant groups. This suggests that tree species diversity
in urban green spaces can be increased without decreasing restorativeness. Increasing
species diversity in cities would contribute to ecosystem health, as it enhances resilience
of urban trees to pests and diseases. Further research could investigate the eﬀects of a
greater tree characteristics’ diversity and other green space features, such as variation in
tree size within stand or management regimes, on psychological restoration. Applied in
urban landscape design, ﬁndings may contribute to increase residential satisfaction and
well-being.

Chapter 7
Conclusions and perspectives
This thesis aimed at investigating tree perception, preference, and restorativeness. These
objectives reﬂect the increasing importance of considering residential demands in urban
green space design. In order to investigate tree perception, two methods were used: A
multiple sorting procedure and the semantic diﬀerential. While the former is an adequate
method to identify perceptually relevant parameters of a class of objects, the latter en-
ables the investigation of the semantic meaning of objects. Combining both methods can
manage to ﬁnd out how perceptually relevant object parameters are semantically repre-
sented. In this thesis, a multiple sorting procedure was applied to identify perceptual tree
parameters. The latter were instantiated as names for the bifurcations in a hierarchical
cluster analysis dendrogram and for the dimensions found by the MDS (Gerstenberg
& Hofmann, 2016). In a second study, the perceptual tree parameters were related to
semantic diﬀerential ratings in order to understand what they mean to people and how
these would describe them. In a further step, the relationship between perceptual tree
parameters and tree preference was investigated by applying a multiple linear regression
analysis using tree preference ratings as dependent variable and the tree parameters as
predictors. Finally, the eﬀects of various, similar-looking tree species (a medium degree
of tree characteristics’ diversity) on recreation were investigated. Against the background
of the attention restoration theory (Kaplan & Kaplan, 1989), which states that the pro-
vision of both a variety of informational activities to be carried out as well as repeated
elements and uniformity of texture increase psychological restoration, it was assumed
that viewing similar-looking tree species simultaneously evokes a greater fascination and
a similar perceived coherence compared to viewing a single tree species.
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7.1 Main results
In study 1, the following tree parameters were identiﬁed to be relevant to human per-
ception:
 the distinction between conifers and deciduous trees,
 the crown height to crown width ratio,
 the two-dimensional crown size to trunk height ratio, and
 crown density.
These parameters can be used to describe and distinguish trees. They are similar to
characteristics used in previous tree preference research (Lohr & Pearson-Mims, 2006;
Nelson et al., 2001; Sommer, 1997; Sommer & Summit, 1995, 1996; Summit & Som-
mer, 1999). However, the presented ﬁndings add new aspects to the literature. First,
the identiﬁed perceptual tree parameters may represent a more substantiated basis for
future research on tree perception, as they were the result of participants’ tree classiﬁ-
cations, instead of being selected by researchers. Second, the presented ﬁndings may be
more accurate compared to the results of previous research, since tree simulations being
used were more realistic-looking. Finally, the tree parameters identiﬁed by the MDS
may manage to more precisely describe and classify trees, as they are metric instead of
categorical.
Study 2 revealed that the greater the crown relative to trunk height, the more pleasant
and beautiful a tree is perceived and the denser a crown, the heavier and the more rugged
a tree is perceived. This adds to previous results on tree shapes’ semantic meanings. For
example, Summit and Sommer (1999) found that spreading and globular-shaped trees
are perceived to be more friendly, beautiful, warm, comforting, safe, strong, permanent,
deep, and stable than conical and columnar-shaped trees. Furthermore, Nelson et al.
(2001) demonstrated that trees with more complete canopies are perceived to be more
alive, active, beautiful, smooth, healthy, and pleasant than trees with less complete
canopies. The knowledge on the connections between metric tree parameters and their
meaning is advantageous to that on eﬀects of tree shapes on semantic meaning, as it is
more precise.
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Study 3 showed that a high two-dimensional crown size to trunk height ratio and a high
crown density predict deciduous tree preference. Large crown size relative to trunk height
predicting tree preference is consistent with previous studies which found that people
have a preference for trees that have large canopies and short trunks (Sommer & Summit,
1995; Summit & Sommer, 1999). Crown density predicting tree preference is consistent
with the ﬁnding that the most attractive trees are the most densely leafed (Nelson et
al., 2001). However, ﬁndings presented in this dissertation are based on more realistic-
looking trees and more precise than previous results. Furthermore, the tree parameters
that were related to tree preference are based on participants’ tree classiﬁcations instead
of being selected by researchers.
Study 4 found no diﬀerences in perceived fascination and coherence between participants
viewing similar-looking tree species in urban green spaces and participants viewing a
single tree species in urban green spaces. This is inconsistent with the results that species
richness positively aﬀects aesthetic appreciation (Jo & Ahn, 2012; Lindemann-Matthies
et al., 2010; A. E. van den Berg et al., 1998) and psychological well-being (Fuller et al.,
2007). However, it is consistent with Edwards et al. (2012b) who did not ﬁnd eﬀects
of the number of tree species within a stand on a forest’s recreational value. A greater
degree of stimulus diversity being needed to positively aﬀect perceived fascination can
explain the presented results. However, the degree of stimulus diversity of the urban
green spaces covered with similar-looking tree species does not elicit a lower perceived
coherence than the stimulus diversity degree of the urban green spaces covered with a
single tree species. The presented study adds to the literature, as it investigated the
eﬀects of landscape compositions on psychological restoration more diﬀerentiated with
regard to speciﬁc restorativeness components.
7.2 Theoretical implications
The ﬁnding that the two-dimensional crown size to trunk height ratio is a predictor of
deciduous tree preference is consistent with Orians’ savannah hypothesis (Heerwagen &
Orians, 1993; Orians, 1980, 1986, 2001) which implicates that humans have a preference
for trees with broad canopies and trunks that bifurcate close to the ground. Similarly,
the ﬁnding that crown density is a predictor of deciduous tree preference is in line with
the Gestalt grouping principle of closure which implicates that our visual system favours
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seeing closed or complete forms (Schiﬀman, 2001). Since the studies presented in this
thesis allowed for further characteristics being relevant to tree preference, they provide a
stronger evidence for these theories than previous studies in which trees were selected on
the basis of one of these theories and represented in a hardly realistic-looking manner.
From a theoretical perspective, the ﬁnding that perception of a medium degree of stimulus
diversity, implemented by various, but similar-looking tree species, does neither evoke a
diﬀerent fascination nor a diﬀerent coherence than perception of a low degree of stimulus
diversity, implemented by a single tree species, may indicate that the landscape feature
tree characteristics’ diversity is too small-scale to elicit such eﬀects. This suggests that
the restorativeness components postulated by the Kaplans (1989) may work at a larger
scale, e.g., when comparing built, human-made environments with natural environments,
but not for small-scale parameters, such as tree characteristics’ diversity. The latter may
rather aﬀect landscape preference.
7.3 Implications for green space planning
In urban tree species selection and placement, the identiﬁed perceptual tree
parameters provide an approach [to address the contradiction] between the
preference for visual uniformity and the ecological need for species diver-
sity (Trowbridge & Bassuk, 2004) as they enable the selection of diﬀerent
tree species which look similar. Thus, this research may contribute to meet
challenges to urban tree selection that result from climate change and urban-
isation and which threaten urban ecosystem health (Alvey, 2006; McKinney,
2002, 2006; Sjöman, Gunnarsson, et al., 2012). (Gerstenberg & Hofmann,
2016, p. 109)
Furthermore, if applied in urban green space planning, the knowledge on perceptual
tree parameters’ semantic meaning and their relation to tree preferences may increase
residential satisfaction and strengthen the positive physical and psychological eﬀects of
trees in urban environments (Gerstenberg & Hofmann, 2016). “In providing a foundation
for it, the present research may enhance user-centred decision-making regarding planting
trees in cities” (Gerstenberg & Hofmann, 2016, pp. 109-110). To put it diﬀerently, results
may facilitate to consider the social factors (Miller et al., 2015) in tree species selection
Chapter 7. Conclusions and perspectives 109
for urban sites. Finally, ﬁnding no restorativeness diﬀerences between viewing urban
green spaces covered with a single tree species and urban green spaces covered with
similar-looking tree species indicates that tree species diversity in cities can be increased
without negatively aﬀecting nature’s recreational value.
7.4 Limitations
A limitation that concerns each of the four presented studies is the external validity.
Participants were instructed to explicitly focus their attention on natural elements de-
picted in images. In everyday life, when people spend time in nature, their attention
may focus on current activities (e.g., jogging, cycling, thinking) rather than on speciﬁc
environmental attributes. Similarly, the use of image material instead of real environ-
ments for landscape evaluation limits the generalisability of the ﬁndings. However, using
landscape images has the advantage that particular parameters can easily be varied while
other image content is held constant. Moreover, most studies which investigated the rep-
resentation validity of using images for scenic landscape evaluation indicate that images
are acceptable substitutes for onsite visits (e.g., Karjalainen & Tyrväinen, 2002; Lange,
2001; Le et al., 2017; Stamps, 1990, 2010). However, this could result from a publi-
cation bias. A detailed and critical discussion on the representation validity of using
images in scenic landscape assessments is provided by J. F. Palmer and Hoﬀman (2001).
Additionally, this thesis disregards that tree availability limits tree species selection in
urban areas (Conway & Vander Vecht, 2015). This issue may complicate to apply the
presented ﬁndings on tree perception and preference in urban tree species selection. The
study participants being younger and higher educated than the general population is a
further limitation of the presented studies.
7.5 Links for future research
Looking closer at eﬀects of sociodemographic characteristics (e.g., age, education, cul-
tural and geographical backgrounds) on tree perception, preference, and restorativeness
may be conducive to species selection for speciﬁc institutions (e.g., kindergartens, retire-
ment homes) and regions. Furthermore, apart from the ﬁnding that bare trees as they
appear in winter are less attractive than foliate trees as they appear in summer (Nelson
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et al., 2001), little is known about seasonal eﬀects on tree perception and preference.
However, these eﬀects may be considerable, as the season inﬂuences tree foliage which in
turn aﬀects tree perception and preference. Considering the annual average attractive-
ness of trees in species selection for urban sites may contribute to residential satisfaction
and well-being.
In order to ﬁll existing knowledge gaps, future research could investigate the eﬀects
of further green space characteristics, such as variation in a) tree size within a stand,
b) tree spacing within a stand (Edwards et al., 2012b), c) management regimes, d)
understorey, and e) tree age within a stand, on self-reported, physiological, and cognitive
restoration. However, against the background of subjective well-being and objective
health being closely related (Diener & Chan, 2011), it may be reasonably assumed that
self-reported, physiological, and cognitive restoration are similarly aﬀected by green space
characteristics. Additionally, more diﬀerentiated insights into the role of exposure to
nature within the interactions between biological, psychological, and social variables
may contribute to increase the well-being promoting eﬀects of urban nature. Finally,
most studies which investigated long-term health eﬀects of nature used the quantity of
nearby nature as health predictor (Alcock et al., 2014; Gubbels et al., 2016). Using
particular landscape qualities (e.g., tree species richness, tree species compositions) to
predict long-term health and well-being would add to the literature. Applied in urban
landscape design, respective results may contribute to human health and well-being.
Appendix A
Used image material, items,
instructions, and scales
A.1 Study 1
A.1.1 Image material
Table A.1: Scientific names of tree species used in each study
English name Scientific name
Austrian Pine Pinus nigra
Black Alder Alnus glutinosa
Broad Leafed Linden Tilia platyphyllos
Common Ash Fraxinus excelsior
English Oak Quercus robur
European Beech Fagus sylvatica
European Hackberry Celtis australis
European Mountain Ash Sorbus aucuparia
Field Maple Acer campestre
Hornbeam Carpinus betulus
Horse Chestnut Aesculus hippocastanum
Continued on next page
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Table A.1 – Continued from previous page
English name Scientific name
Italian Maple Acer opalus
Littleleaf Linden Tilia cordata
Medlar Mespilus germanica
Montpellier Maple Acer monspessulanum
Oriental Planetree Platanus orientalis
Pecan Carya illinoinensis
Scotch Pine Pinus sylvestris
Serbian Spruce Picea omorika
Shagbark Hickory Carya ovata
Silver Birch Betula pendula
Silver Linden Tilia tomentosa
White Poplar Populus alba
White Willow Salix alba
A.1.2 Instructions
Anleitung
Für diese Untersuchung benötigen Sie die bereit liegenden Abbildungen. (Sie sind nicht
sortiert und auch die Buchstaben darauf folgen keinerlei System.)
Ihre Aufgabe besteht darin, die auf den Abbildungen dargestellten freistehenden Bäume
genau zu betrachten und nach ihrer Ähnlichkeit in Gruppen zu sortieren. Was bedeu-
tet es, nach Ähnlichkeit zu sortieren? Damit muss nicht notwendigerweise Ähnlichkeit
hinsichtlich der äußeren Form gemeint sein. Ein Beispiel: Wenn Sie Ähnlichkeiten zwi-
schen Ihnen bekannten Menschen feststellen, können sich diese auf Haarfarbe, Nasenlänge
oder Größe beziehen, aber auch auf Verhalten, Gewohnheiten oder Einstellungen (politi-
sche Wahlentscheidungen), auf bestimmte charakterliche Merkmale (z.B. sehr freundlich/
durchschnittlich freundlich/sehr unfreundlich), auf die Stimmung oder den Kleidungsstil
usw. Welche Kriterien Sie benutzen ist gänzlich Ihnen überlassen.
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 Sie können so viele Gruppen bilden, wie Sie möchten.
 Die Gruppen können unterschiedlich groß sein.
 Legen Sie die Bilder am besten so auf dem Tisch aus, dass sie in Gruppen neben-
einander liegen. So können Sie jederzeit sehen, welche Bilder sich schon in einer
Gruppe beﬁnden und entlasten Ihr Gedächtnis.
Wichtig: Es geht bei der Sortierung um die abgebildeten Bäume, nicht um die Art der
Abbildung. Versuchen Sie bitte, Eigenheiten der Abbildung (Blickwinkel, Helligkeit,
Schärfe etc.) nicht zu beachten.
Es gibt keine falschen Lösungen!
Wenn Sie damit fertig sind, befolgen Sie bitte die Instruktionen auf der nächsten Seite.
Bitte notieren Sie auf dem vorbereiteten Protokollblatt, welche Bilder Sie in welche
Gruppe eingeordnet haben. Nutzen Sie dazu die Buchstaben auf den Bildern. So es
Ihnen möglich ist, geben Sie bitte das Kriterium an, wonach Sie die Fotos in Gruppen
sortiert haben: Beschreiben Sie das bitte mit einem (oder wenigen) Stichworten. Wenn
Sie mögen, können Sie auch zu jeder einzelnen der von Ihnen gebildeten Gruppe etwas
notieren. Falls es Ihnen nicht möglich sein sollte, das zu beschreiben, ist das nicht
schlimm; Hauptsache, Sie haben die Fotos sortiert!
Wenn Sie damit fertig sind:
Bitte sortieren Sie die Fotos nun erneut. Bitte gehen Sie dabei genauso vor, wie beim
ersten Mal, wählen Sie aber ein anderes Sortierkriterium, so dass Sie diesmal andere
Gruppen bilden.
Bitte sortieren Sie die Abbildungen insgesamt mindestens drei, maximal fünf Mal. Nut-
zen Sie für jede Sortierung bitte jeweils ein neues Protokollblatt und vermerken Sie bitte
die Nummer des Sortierdurchgangs.
Es gibt keine falschen Lösungen!
Wenn Sie damit fertig sind:
Füllen Sie nun bitte die Nachbefragung aus. Alle Angaben, die Sie dabei machen, werden
anonymisiert gespeichert und ausgewertet. Sie werden ausschließlich für Forschungszwe-
cke verwendet.
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Danach haben Sie alle Aufgaben des Versuchs erfüllt.
Vielen Dank!
Protokollblatt
Bitte nutzen Sie dieses Blatt, um zu vermerken, nach welchem Kriterium Sie die Bilder
in Gruppen sortieren und welche Bilder zu einer Gruppe gehören. Nutzen Sie dazu die
Buchstaben auf den Abbildungen. Bitte vermerken Sie auch, um den wievielten Sor-
tierdurchgang es sich jeweils handelt. Trennen Sie die Gruppen eines Sortierdurchgangs
bitte optisch durch einen waagerechten Strich darunter.
Kriterium, wonach Sie die Gruppen eingeteilt haben Sortierdurchgang Nr.
(in Stichworten):
Gruppe (Stichwort oder Buchstaben) Buchstaben der Bilder in dieser Gruppe
... ...
A.2 Study 2
A.2.1 Instructions
Bewertung von Bäumen: Bitte bewerten Sie nacheinander die folgenden 5 Bäume anhand
der jeweils rechts daneben dargestellten Adjektivpaare. Sie können die gesamte Skala mit
ihren Abstufungen zwischen den entgegengesetzten Adjektiven nutzen.
Versuchen Sie bitte, sich bei der Bewertung nur auf den Baum zu konzentrieren und
Eigenheiten der Abbildung (Blickwinkel, Helligkeit, Schärfe etc.) nicht zu beachten.
Bitte gehen Sie erst zum nächsten Baum über, wenn Sie die Bewertung des vorherigen
vollständig abgeschlossen haben.
Bitte denken Sie nicht lange nach, geben Sie Ihre Einschätzung spontan an.
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A.3 Study 3
A.3.1 Instructions
AUFGABE: BÄUME BEWERTEN
Bitte bewerten Sie die bereit liegenden Fotos der Bäume: Tragen Sie zunächst die Num-
mer des Fotos in den Kasten ein. Markieren Sie dann mit einem Kreuz auf der Skala,
wie gern Sie die Bäume in Ihrer Wohnumgebung (Umkreis 300 m) hätten (von links =
sehr ungern, bis rechts = sehr gern). Versuchen Sie, Ihre Bewertung bitte jeweils nur
auf den Baum zu beziehen, der sich im Mittelpunkt des Bildes beﬁndet. Dinge, die im
Hintergrund zu sehen sind, oder die Belichtung bzw. die Qualität der Fotos lassen Sie
bitte außer Acht.
sehr sehr
ungern gern
...
A.4 Study 4
A.4.1 Instructions
1. Klappen Sie das Blatt auf der hinteren Innenseite Ihrer Wahlkabine vollständig zurück
(hinter die Wahlkabine), so, dass Sie das darunter beﬁndliche Bild vollständig sehen
können.
2. Betrachten Sie nun das Bild ca. eine Minute lang, bis Sie das Gefühl haben, dass Sie
das Bild und seine Details gut kennen.
3. Versuchen Sie nun, sich vorzustellen, in dieser Landschaft zu sein. Versuchen Sie dies
auch während der Bearbeitung der nun folgenden Aufgaben. Schauen Sie während der
Bearbeitung der Aufgaben ruhig häuﬁger auf das Landschaftsbild.
4. Bewerten Sie nun das Ihnen vorliegende Bild anhand des Fragebogens auf der nächsten
Seite.
Appendix A. Used image material, items, instructions, and scales 116
Falls Ihnen Eigenheiten des Bildes künstlich oder unrealistisch erscheinen, versuchen Sie
dies bei Ihrer Bewertung nicht zu beachten. Es geht bei der Bewertung um die Ihnen
vorliegende Landschaft, nicht um die Art des Bildes.
Alle Aussagen beziehen sich ausschließlich auf das Ihnen vorliegende Landschaftsbild,
bzw. darauf, wie Sie es empﬁnden würden, wenn Sie sich in dieser Landschaft befänden.
Bitte machen Sie pro Zeile jeweils nur ein Kreuz.
1. Dieser Ort hat faszinierende Qualitäten.
2. Meine Aufmerksamkeit wird dort von vielen interessanten Dingen angezogen.
3. Ich möchte diesen Ort näher kennenlernen.
4. Dort gibt es viel zu erkunden und zu entdecken.
5. Ich möchte mehr Zeit damit verbringen, mir diese Umgebung anzusehen.
6. Dieser Ort ist langweilig.
7. Diese Umgebung ist faszinierend.
8. Nichts in dieser Umgebung ist es wert, betrachtet zu werden.
9. Dort ist zu viel los.
10. Es ist ein verwirrender Ort.
11. Dort ist sehr viel Ablenkung.
12. Es ist chaotisch dort.
Wie hoch schätzen Sie die Artenvielfalt an pﬂanzlicher Vegetation auf dem vorliegenden
Bild ein? Bitte machen Sie ein Kreuz an der für Sie zutreﬀenden Stelle auf der folgenden
Linie:
sehr gering sehr hoch
Wie gut ist es Ihnen gelungen, das Ihnen vorliegende Bild zu bewerten? Bitte machen
Sie ein Kreuz an der für Sie zutreﬀenden Stelle auf der folgenden Linie:
sehr
schlecht
sehr gut
Der Buchstabe unten links auf Ihrem Bild lautet:
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Figure B.4: Three-dimensional MDS model (all sorts, male subsample). The closer
two trees are, the more features they share, i.e., the more similar they are. The axis
labels indicate the dimension interpretations. n = 65.
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Figure B.5: Three-dimensional MDS model (all sorts, female subsample). The closer
two trees are, the more features they share, i.e., the more similar they are. The axis
labels indicate the dimension interpretations. n = 67.
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Figure B.6: Three-dimensional MDS model (first sort, entire sample). The closer two
trees are, the more features they share, i.e., the more similar they are. The axis labels
indicate the dimension interpretations. n = 132.
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Table B.1: MDS coordinates of tree species (all sorts, entire sample)
Dimensions
1 2 3
Tree species Conifers vs. de-
ciduous trees
Crown height
to width ratio
Crown size
to trunk
height ratio
Austrian Pine 1.466 -0.100 -0.052
Black Alder 0.554 -0.185 -0.522
Broad Leafed Linden -0.564 -0.148 -0.465
Common Ash -0.415 0.410 0.359
English Oak 0.000 -0.579 0.433
European Beech -0.052 0.731 0.005
European Hackberry -0.629 -0.429 0.165
European Mountain Ash -0.372 -0.438 -0.442
Field Maple -0.137 -0.689 -0.251
Hornbeam -0.131 0.496 0.544
Horse Chestnut -0.390 0.770 0.166
Italian Maple -0.692 0.080 0.154
Littleleaf Linden -0.264 0.616 -0.286
Medlar -0.373 -0.660 -0.029
Montpellier Maple 0.095 -0.175 0.480
Oriental Planetree -0.612 0.452 -0.122
Pecan -0.297 -0.227 0.664
Scotch Pine 1.438 -0.211 0.098
Serbian Spruce 1.357 0.198 0.287
Shagbark Hickory 0.154 0.431 -0.243
Silver Birch 0.310 0.013 -0.139
Silver Linden -0.264 -0.004 -0.572
White Poplar 0.281 0.114 -0.625
White Willow -0.463 -0.465 0.393
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Table B.2: MDS coordinates of tree species (first sort, entire sample)
Dimensions
1 2 3
Tree species Conifers vs. de-
ciduous trees
Crown height
to width ratio
Crown size
to trunk
height ratio
Austrian Pine 1.764 -0.211 -0.045
Black Alder 0.552 0.183 -0.531
Broad Leafed Linden -0.730 -0.126 -0.42
Common Ash -0.486 0.476 0.496
English Oak 0.083 -0.557 0.492
European Beech 0.039 0.681 0.182
European Hackberry -0.147 -0.743 0.148
European Mountain Ash -0.354 -0.634 -0.362
Field Maple -0.679 -0.606 -0.238
Hornbeam -0.114 0.527 0.589
Horse Chestnut -0.375 0.850 0.205
Italian Maple -0.711 0.062 0.313
Littleleaf Linden -0.115 0.813 -0.172
Medlar -0.781 -0.488 0.204
Montpellier Maple 0.014 -0.256 0.212
Oriental Planetree -0.677 0.399 -0.115
Pecan -0.188 -0.267 0.743
Scotch Pine 1.764 -0.276 0.103
Serbian Spruce 1.706 0.105 0.232
Shagbark Hickory -0.191 0.594 -0.391
Silver Birch 0.151 0.302 -0.654
Silver Linden -0.356 -0.243 -0.628
White Poplar 0.277 -0.030 -0.719
White Willow -0.445 -0.554 0.357
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Table B.3: MDS coordinates of tree species (all sorts, male subsample)
Dimensions
1 2 3
Tree species Conifers vs. de-
ciduous trees
Crown height
to width ratio
Crown size
to trunk
height ratio
Austrian Pine 1.453 -0.101 0.022
Black Alder 0.595 -0.184 -0.505
Broad Leafed Linden -0.485 -0.177 -0.477
Common Ash -0.111 0.455 0.344
English Oak -0.141 -0.256 0.659
European Beech -0.115 0.667 -0.113
European Hackberry -0.595 -0.317 0.119
European Mountain Ash -0.358 -0.441 -0.368
Field Maple -0.196 -0.701 -0.198
Hornbeam -0.493 0.453 0.475
Horse Chestnut -0.452 0.708 0.059
Italian Maple -0.708 0.073 0.173
Littleleaf Linden -0.325 0.530 -0.357
Medlar -0.119 -0.678 0.118
Montpellier Maple 0.065 -0.305 0.415
Oriental Planetree -0.632 0.347 -0.180
Pecan -0.342 -0.011 0.593
Scotch Pine 1.437 -0.162 0.190
Serbian Spruce 1.337 0.311 0.240
Shagbark Hickory 0.129 0.408 -0.370
Silver Birch 0.359 0.010 -0.060
Silver Linden -0.175 -0.112 -0.544
White Poplar 0.327 0.005 -0.561
White Willow -0.455 -0.524 0.325
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Table B.4: MDS coordinates of tree species (all sorts, female subsample)
Dimensions
1 2 3
Tree species Conifers vs. de-
ciduous trees
Crown height
to width ratio
Crown size
to trunk
height ratio
Austrian Pine 1.478 0.159 -0.037
Black Alder 0.556 -0.124 -0.531
Broad Leafed Linden -0.537 -0.158 -0.561
Common Ash -0.443 0.380 0.409
English Oak 0.183 -0.597 0.344
European Beech -0.148 0.809 -0.016
European Hackberry -0.127 -0.795 0.033
European Mountain Ash -0.154 -0.522 -0.487
Field Maple -0.508 -0.633 -0.346
Hornbeam -0.143 0.537 0.564
Horse Chestnut -0.417 0.777 0.256
Italian Maple -0.682 0.029 0.178
Littleleaf Linden -0.259 0.623 -0.265
Medlar -0.723 -0.412 -0.045
Montpellier Maple -0.133 -0.161 0.628
Oriental Planetree -0.642 0.482 -0.075
Pecan -0.152 -0.667 0.506
Scotch Pine 1.461 -0.051 -0.019
Serbian Spruce 1.355 0.067 0.402
Shagbark Hickory 0.200 0.387 0.118
Silver Birch 0.271 0.086 -0.184
Silver Linden -0.262 0.041 -0.592
White Poplar 0.291 0.311 -0.575
White Willow -0.464 -0.569 0.293
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Table B.9: Perceptual tree parameters measured with Adobe Photoshop Software
Tree parameters
1 2 3
Tree species Crown height
to width ratio
Crown size
to trunk
height ratio
Crown density
Austrian Pine 1.35 244.84 2.95
Black Alder 1.76 516.92 2.64
Broad Leafed Linden 0.99 350.93 3.81
Common Ash 1.20 1041.47 4.80
English Oak 0.94 1069.57 2.59
European Beech 1.31 442.42 4.31
European Hackberry 0.76 479.54 2.58
European Mountain Ash 0.95 280.28 3.33
Field Maple 0.84 266.51 2.41
Hornbeam 1.23 673.18 5.82
Horse Chestnut 1.21 667.49 6.54
Italian Maple 1.11 945.43 3.71
Littleleaf Linden 1.30 592.11 3.43
Medlar 0.81 351.10 4.10
Montpellier Maple 1.10 689.19 2.78
Oriental Planetree 1.12 496.17 3.37
Pecan 0.89 651.16 3.38
Scotch Pine 1.54 391.55 2.99
Serbian Spruce 4.02 337.61 3.23
Shagbark Hickory 1.13 843.91 3.92
Silver Birch 1.26 600.18 3.03
Silver Linden 0.94 283.59 2.94
White Poplar 1.21 353.02 2.09
White Willow 1.05 595.22 3.30
Tree parameters 1 and 2 were used to validate the MDS dimensions 2 and 3 (see
Chapter 3). These values served as the basis for the ranking sequence which was
used for the correlation analyses with the adjective scales of the semantic diﬀerential
(see Chapter 4). All tree parameters were used as predictors of tree preference (see
Chapter 5).
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Table B.10: Correlation matrix of the MDS coordinates and the perceptual tree
parameters measured with Adobe Photoshop Software (Pearson product-moment cor-
relation coefficients, n = 21).
MDS coordinates Perceptual tree parameters
Dimension
2
Dimension
3
Crown
height to
width ratio
Crown size
to trunk
height ratio
MDS co-
ordinates
Dimension
2
-
Dimension
3
-.009 -
Perceptual
tree pa-
rameters
Crown
height to
width ratio
.550** -.216 -
Crown size
to trunk
height ratio
.247 .625** .179 -
** p < .01.
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B.3 Study 3
Table B.21: Tree preference medians
Tree preference
Tree species Entire sam-
ple (n = 176)
Female subsam-
ple (n = 88)
Male subsam-
ple (n = 88)
Austrian Pine 45.00 41.00 47.00
Black Alder 59.62 64.50 58.00
Broad Leafed Linden 56.50 57.50 55.00
Common Ash 80.00 82.00 79.00
English Oak 73.00 75.00 69.50
European Beech 66.00 67.00 65.00
European Hackberry 64.00 72.00 61.00
European Mountain Ash 56.00 59.00 54.00
Field Maple 60.50 65.50 56.00
Hornbeam 73.50 80.00 69.00
Horse Chestnut 80.00 81.50 77.00
Italian Maple 70.00 74.00 69.50
Littleleaf Linden 72.00 74.50 70.00
Medlar 65.00 72.50 57.50
Montpellier Maple 71.00 76.00 64.50
Oriental Planetree 67.50 69.00 65.00
Pecan 73.39 80.50 68.50
Scotch Pine 51.00 52.00 50.00
Serbian Spruce 28.00 27.00 28.50
Shagbark Hickory 65.00 63.00 65.50
Silver Birch 68.00 71.00 61.00
Silver Linden 53.00 51.00 53.50
White Poplar 54.00 55.50 53.00
White Willow 67.00 70.00 66.00
Medians’ decimal places can deviate from 0 or 5, as tree preference evaluations are
metric, because they were made on a continuous 106 mm-long scale.
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Table B.22: Correlation matrix of the tree preference medians of the entire sample
and the male and female subsamples, n = 24.
Tree preference
Entire sam-
ple
Female
subsample
Male sub-
sample
Tree pref-
erence
Entire sam-
ple
-
Female
subsample
.979** -
Male sub-
sample
.980** .932** -
** p < .01
Figure B.7: Scatterplots and regression lines between the medians of male and female
subsamples’ preference ratings of each tree and each of the independent variables. The
grey area surrounding the regression line indicates 95% confidence interval (n = 21).
Appendix B. Tables and Figures of results 146
Table B.23: Multiple linear regression analyses of tree preference and tree parameters
(male subsample).
Tree preference
B SE B b p
Model 1
Constant 40.763 4.306 ***
Crown height to width ratio 0.145 3.477 0.004
Crown size to trunk height ratio 0.022 0.003 0.694 ***
Crown density 2.889 0.718 0.426 ***
Model 2
Constant 40.898 2.746 ***
Crown size to trunk height ratio 0.022 0.003 0.695 ***
Crown density 2.892 0.693 0.427 ***
*** p < .001,
fit of model 1: R2 = .825, adj. R2 = .795, F (3,17) = 26.79, p < .001;
fit of model 2: R2 = .825, adj. R2 = .806, F (2,18) = 42.54, p < .001.
Table B.24: Multiple linear regression analyses of tree preference and tree parameters
(female subsample).
Tree preference
B SE B b p
Model 1
Constant 52.408 8.132 ***
Crown height to width ratio -4.92 6.567 -0.125
Crown size to trunk height ratio 0.021 0.006 0.573 **
Crown density 2.927 1.357 0.367 *
Model 2
Constant 47.811 5.271 ***
Crown size to trunk height ratio 0.02 0.006 0.555 **
Crown density 2.807 1.331 0.352 *
* p < .05, ** p < .01, *** p < .001,
fit of model 1: R2 = .552, adj. R2 = .473, F (3,17) = 6.977, p < .01;
fit of model 2: R2 = .537, adj. R2 = .486, F (2,18) = 10.44, p < .001.
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B.4 Study 4
Table B.25: Medians and ranges of perceived fascination and coherence for urban
green spaces covered with a single tree species and those covered with similar-looking
tree species (male subsample).
Urban green space type
a single
tree species
similar-looking
tree species
(n = 22) (n = 26)
PRS
scale
Item Mdn range Mdn range
Fasci-
nation
1. This place has fascinating quali-
ties.
4 1 - 7 4 1 - 7
2. My attention is drawn to many
interesting things.
4 2 - 7 4 2 - 6
3. I want to get to know this place
better.
5 2 - 7 5 1 - 7
4. There is much to explore and dis-
cover here.
4 2 - 6 3 2 - 6
5. I want to spend more time looking
at the surroundings.
5 2 - 7 5 1 - 7
6. This place is boring. 5 3 - 7 5 2 - 7
7. The setting is fascinating. 4 1 - 7 4 1 - 6
8. There is nothing worth looking at
here.
7 4 - 7 6 2 - 7
overall 4.75 2.5 - 7 4.5 2 - 6
Cohe-
rence
9. There is too much going on. 6 2 - 7 6 2 - 7
10. It is a confusing place. 6 4 - 7 6 2 - 7
11. There is a great deal of distrac-
tion.
5 1 - 7 5 1 - 7
12. It is chaotic here. 6 3 - 7 6 4 - 7
overall 6 2.5 - 7 6 3 - 7
High values correspond to high agreement and vice versa, except for the negatively
formulated items 6 and 8 to 12. For them, high values correspond to high disagreement.
Appendix B. Tables and Figures of results 148
Table B.26: Medians and ranges of perceived fascination and coherence for urban
green spaces covered with a single tree species and those covered with similar-looking
tree species (female subsample).
Urban green space type
a single
tree species
similar-looking
tree species
(n = 34) (n = 28)
PRS
scale
Item Mdn range Mdn range
Fasci-
nation
1. This place has fascinating quali-
ties.
4.5 1 - 6 4 2 - 7
2. My attention is drawn to many
interesting things.
3 2 - 6 3 2 - 6
3. I want to get to know this place
better.
5 1 - 6 5 1 - 7
4. There is much to explore and dis-
cover here.
3 1 - 6 4 2 - 6
5. I want to spend more time looking
at the surroundings.
4 1 - 7 4 2 - 7
6. This place is boring. 5 2 - 7 4 2 - 7
7. The setting is fascinating. 4 1 - 6 3 2 - 7
8. There is nothing worth looking at
here.
6 3 - 7 6 3 - 7
overall 4.25 2 - 6 4 2 - 7
Cohe-
rence
9. There is too much going on. 6 3 - 7 6 2 - 7
10. It is a confusing place. 6 2 - 7 6 4 - 7
11. There is a great deal of distrac-
tion.
5 3 - 7 6 3 - 7
12. It is chaotic here. 7 3 - 7 6.5 3 - 7
overall 6 4 - 7 6 3.5 - 7
High values correspond to high agreement and vice versa, except for the negatively
formulated items 6 and 8 to 12. For them, high values correspond to high disagreement.
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Table B.27: Gender differences in perceived fascination and coherence of participants
viewing a single tree species in urban green spaces.
Test statistics (n = 56)
PRS
scale
Item U z p (2-
sided)
Fasci-
nation
1. This place has fascinating quali-
ties.
338.5 -0.606 .545
2. My attention is drawn to many
interesting things.
320 -0.934 .35
3. I want to get to know this place
better.
265 -1.491 .136
4. There is much to explore and dis-
cover here.
293 -1.397 .162
5. I want to spend more time looking
at the surroundings.
300 -1.274 .203
6. This place is boring. 297 -1.185 .236
7. The setting is fascinating. 296.5 -1.177 .239
8. There is nothing worth looking at
here.
363.5 -0.192 .848
overall 285 -1.511 .131
Cohe-
rence
9. There is too much going on. 334 -0.713 .476
10. It is a confusing place. 286.5 -1.539 .124
11. There is a great deal of distrac-
tion.
342 -0.272 .786
12. It is chaotic here. 232 -1.921 .055
overall 266 -1.866 .062
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Table B.28: Gender differences in perceived fascination and coherence of participants
viewing similar-looking tree species in urban green spaces.
Test statistics (n = 54)
PRS
scale
Item U z p (2-
sided)
Fasci-
nation
1. This place has fascinating quali-
ties.
357.5 -0.115 .909
2. My attention is drawn to many
interesting things.
328.5 -0.396 .692
3. I want to get to know this place
better.
333.5 -0.543 .587
4. There is much to explore and dis-
cover here.
337 -0.242 .809
5. I want to spend more time looking
at the surroundings.
296.5 -1.199 .23
6. This place is boring. 244 -1.753 .08
7. The setting is fascinating. 359 -0.089 .929
8. There is nothing worth looking at
here.
328 -0.667 .505
overall 315 -0.86 .39
Cohe-
rence
9. There is too much going on. 345.5 -0.335 .738
10. It is a confusing place. 278 -1.382 .167
11. There is a great deal of distrac-
tion.
237 -2.263 .024
12. It is chaotic here. 322.5 -0.778 .436
overall 276.5 -1.56 .119
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Table B.29: Effects of tree characteristics’ diversity on perceived fascination and
coherence (male subsample).
Test statistics (n = 48)
PRS
scale
Item U z p (2-
sided)
Fasci-
nation
1. This place has fascinating quali-
ties.
269.5 -0.347 .728
2. My attention is drawn to many
interesting things.
254 -0.463 .643
3. I want to get to know this place
better.
271 -0.044 .965
4. There is much to explore and dis-
cover here.
223 -1.146 .252
5. I want to spend more time looking
at the surroundings.
278 -0.17 .865
6. This place is boring. 261 -0.317 .751
7. The setting is fascinating. 227.5 -1.239 .215
8. There is nothing worth looking at
here.
249.5 -0.813 .416
overall 252 -0.712 .477
Cohe-
rence
9. There is too much going on. 273.5 -0.276 .783
10. It is a confusing place. 260 -0.333 .739
11. There is a great deal of distrac-
tion.
261.5 -0.253 .8
12. It is chaotic here. 209 -1.195 .232
overall 264.5 -0.455 .649
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Table B.30: Effects of tree characteristics’ diversity on perceived fascination and
coherence (female subsample).
Test statistics (n = 62)
PRS
scale
Item U z p (2-
sided)
Fasci-
nation
1. This place has fascinating quali-
ties.
473.5 -0.036 .971
2. My attention is drawn to many
interesting things.
474.5 -0.022 .983
3. I want to get to know this place
better.
385.5 -1.134 .257
4. There is much to explore and dis-
cover here.
437 -0.569 .57
5. I want to spend more time looking
at the surroundings.
466.5 -0.138 .89
6. This place is boring. 375 -1.072 .284
7. The setting is fascinating. 431.5 -0.454 .65
8. There is nothing worth looking at
here.
386 -1.358 .175
overall 467.5 -0.122 .903
Cohe-
rence
9. There is too much going on. 415 -0.904 .366
10. It is a confusing place. 463 -0.198 .843
11. There is a great deal of distrac-
tion.
333.5 -2.101 .036
12. It is chaotic here. 455.5 -0.103 .918
overall 452.5 -0.346 .73
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